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ABSTRACT 
The s tucly investiga~ed some of the problems experienced 
in the teachi rlg and learning pf biochemistry - a sec tion 
in tt,e Senior Certificat e biology syllab\Js in t.he 
Tr an ske i Col l eges of Edu(:ation. Bioch e nli stry is often 
labelled a difficult area , therefore, the s t u dy was an 
at.t.empt. to identify the problems encoun ter ed b y biology 
and lec tllrer s ifl teac hing b ioc h e mi s try anij by 
studerlt-t eac tl ers in learnir'lg it. 
Questionnaires were adlninister-ed t o final -year b i 01 D~lY -
major student.-teac h e rs in t.he colleges , and t.o the 
biology teactlers a nd college lecturers. E>:aminers and 
adv i ser-s for biology wer E i nt.ervi e\;,Jed. The 
qlJEstionnaires req8ired the r-espondents to identify t.he 
f ol l owing: 
1. Areas of biochemistry they find diffi cu lt. 
Ar- eas of biochslnistry they find ea sy to 
unciers t.and .. 
Possible reasons for the student. s ' POOl" 
performance in biochem i stry . 
4. Possible s uggestions for improvement. 
( i ) 
Ttle student-teachers were fur·the~ given a concept t.est. 
t.o t.est t.hei ,- under-standing of th£~ concept 
'phot.osynt.hes i s ' . 
After analys ing t.he data, t.he finding - were used t.o make 
some recommendations, in an attempt t.o improve the 
t.eaching of biochemist.ry by t.he t.eachers and 
and of the learning of biochemistry by the student s . 
( i i ) 
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CHAF'TER 1 
INTRODUCTION AND STATEMENT OF THE PROBLEM 
1 , l. I NTF<DDUCTI ON 
Science education is one of the most carefully defined 
and systematically related areas of knowledge within the 
cl.Irr-iculum . Science is defined by Driver and Bell 
(1986) as ideas, concepts and theories to interpret the 
world. 
Educationists have asked themselves questions about 
science teact,ing, like :- what is to be taught, how 
should it be taught for effective learning, and when can 
science be tallght? A response to the s e questions may 
have led Education Departments to stipulate that 
students should study at least one science subject up to 
Matr"iculatlon. 
Science education, though, has been a subject of much 
attention, with science teachers in many countries 
showing concern about the fact that science students 
neither under·stand nor see much point in the 
conceptually based science that they are taught at 
school. Some are able to learn the taught ideas for 
examination purposes, but cannot apply the ideas to 
everyday situations. The reason for this may be that the 
1 
ideas taught are not properly lin ked together to form a 
framework of science concepts. 
In Transkei, biology in particular has become more 
popular than the other science subjects, most probably 
because it does not require students to study mathe-
matics as well. Biology, therefore, becomes the only 
science subject that most o f the students study at Sen-
ior Certificate level. 
The Trans ke i Department of Education adopted the Cape 
Education Department syllabus in all the subjects in 
1979. One 
Department 
pupils an 
of the objectives of the Cape Education 
syll abus for biology is to develop in the 
abil ity to make critical , accurate 
observations of biological materials, 
meaningful records of such observation. 
and to make 
This objective 
can only be achieved if biology is taught and learnt 
effectively. 
The increasing pop ulari ty of biology , compared 
other Senior Certificate subjects, especially the 
with 
other 
sciences, has led to an increased demand for teachers of 
biology. Unfortunately, this demand is greater than the 
su pply of qualified biology teachers. As a result biology 
is being taught by underquali fied or unqualified teachers 
who are not familiar with effective teaching strategies, 
and may be encouraging rote learning on the part of their 
pupils. For the stude nts the diff i culty of learning sec-
tions such as biochemistry would seem to be in the ab-
2 
stractness of the topics and the ineffectiveness of rote 
learni ng in these circumstances. 
1.2 STATEMENT OF THE PROBLEM 
In Transkei pupils study Gene ral Science up to Standard 
7, then they have a choice of either biology or physical 
science or both from standard 8 to standard 10. The 
statistics from the examinations section of the 
Department of Education i ndicate that over the past 4 
years (1984 - 1987) an average of 88% of the total 
number o f standard 10 candidates registered for biology. 
Gazi (1985), a researcher in Transkei, found a drop in 
the pass rate of biology between the years of 1977 to 1980 
and 1981 and 1984. The former period was when Transkei 
was under the Department of Education and Training, and 
the latter was when Transkei had its own Department of 
Education. Concern about this drop in the pass rate has 
led to the present researcher undertaking an 
investigation into some of the factors relating to the 
teaching of biology and specifically the teaching of 
biochemistry. 
3 
In the Senior Certificate examiners' reports of the past 
f'our years, bi ochemi stry has been ment i oned as one of the 
ar e as of biology in which the candidates performed the 
vJor-st. Ga~~i (1985) summarises this as fDllows:-
Questions on biochemistry and on plant-
water relations were poorly done. 
Particular attention should be given to 
plant biochemistry. 
Gaz i , p. 113. 
The examiner for the Standard Grade paper had the 
following observations:-
Pupils e>:hibit weakr18sses in the areas of 
biochemistry in respect of definitions of 
basic terms and the structure and 
functions of carbohydrates, fats and 
proteins. 
Gaz i l p. 154 . 
In view of th~ above comments, there is reason to 
believe that biochemistry may well be contributing to 
the students' poor performance in biology. 
Biochemistry was first introduced into the biology 
syllabus in 1968. It is therefore probable that 
teacher s who qualified before 1968 received no training 
in biochemistry either at school or college. Even for 
those with science degrees, biochemistry would probably 
have been a minor topic. The absence of appropr i a·te 
in-service courses on the teaching of biochemistry meant 
that teachers were required to teach this section of the 
syllabus without the necessary training. 
4 
The amount of biochemistry in the syllabus was increased 
in the 1975 syllabus for the newly differentiated Higher 
Grade and Standard Grade. For the younger teachers, who 
may he':l.ve been taught biochemistry a'Fter its 
intrQduction, it is likely that they may have picked up 
misconceptions from their teachers. They may, in t4rn, 
have passed on these misconceptions to their pupils in 
their classl:?s~ 
PresGrvice tr-aining in biochemistry is also seen as 
inadequate to equi p the teacher - trai nees wi th th," n8cessary 
teaching skills. It was noted that in the past e;·,ternal 
examination papers for the college biology content (1984 
1987) , questions on biochemistry were very few or 
absent. This omission would encourage biology lecturers 
to ignore teachi n g biochemistry. The newly trained 
teachers c 'oul d, ther-efore, on their arrival at t ·he 
schoDls, haVf2 with the teaching of 
biochemistry. 
The s ituat ion desc ribed above is made even more complex 
by the fact that Transkei is a developing country. 
Researchers in Transkei investigat ing factors 
contributing to the high failure rate in var" i ous 
subjects, namely Ga2i (1982), Magazi (1982), and Dokweni 
( 1983) , have identified tt1 e following as ttle main 
factcirs: -
;~ .. 
* 
a high pupil-teacher ratio both in the 
primary and high schools (60:1 in 1987); 
* lack of well-equipped laboratories; 
* underqualified teachers finding themselves 
forced to teach in senior secondary schools 
wherea s they were trained to teach in junior 
secondary schools . 
Magazi (1982) discovered a high teacher-mobility in the 
COLlntr-y, wher-e an individual school does not have a 
stable staff, and pupils have to continually actapt to the 
teaching methods of new teachers. Sometimes it takes a 
long time to replace the teacher who has left, and 
pupils can remain a long time without a teacher for that 
particular subject. 
1.3 THE PURPOSE OF THE STUDY 
In order to investigate the problems encountered in the 
teachihg of biochemistry it was decided to:-
(i) collect and analyse survey information on areas of 
biochemistry that the teacher--tr-ainees and 
teachers regard as problem areas. 
( i i ) investigate stu[jent-teacher"s' understanding of 
photosynthesis using concept tests and concept 
maps. Photosynthesis had been identified as a 
6 
.... - ... ,----~,-.--~.-,----------------------.-.-..... -~--- .......... ----........ . . 
problem area in biochemi s try by researchers such 
as Bell (1984). 
(iii) investigate the views of college lecturers and 
standard 10 teacher-s on the students' performance. 
(i v) make recommertdations on the basis of these 
investigations. 
1.4 RESEARCH METHODOLOGY AND PROCEDURES 
1. 4.1 POPULATION AND SAMPLING 
Questionnaires were administered by the researcher to 
final-year students majoring in biology in the Secondary 
Teacher s DiploRI8 (STD). Students in three of the STD 
Colleges were used, since the other- two coli eges 
offering biology did not have final-year students in the 
s ubject at the time of the research. Questionnaires 
were also administered to biology lecturers in the 
colleges and to the standard 1~ biology teachers in the 
Umtata district. 
1.4.2 BACKGROUND INFORMATION OF THE COLLEGES OF 
EDUCAT I Ol'l 
This information is on the qualifications and experience 
of the lecturers, the subjects offered in the colleges 
7 
and the nunlber of s tudents, at the time the research was 
undertaken. 
The function 
~; I2lt/l12l prima,-y 
of producing teachers for the more than 
and s econdary schools in Transkei is 
carried out by one private and ten public colleges of 
Education. Five colleges offer Primary Teachers Diploma 
<PTD) 
(STD) . 
and the other s offer Secondary Teachers Diploma 
The colleges are affiliated to the University of 
Tran s kei which, together wit.h the Depa,-tment 
Education have set up a Colleges Affiliated Board 
mDni tor and maintain the academic s tandards of 
<:olleges. The University iss ues the diplomas 
the Depart.ment i s responsible for administration 
finance of education in colleges. 
of 
to 
the 
and 
and 
For admis s ion in the colleges the students must have a 
Senior Certificate. In addition for admission to STD a 
st.udent must have passed each of the two intended 
·teachi ng subjects with an E in Higher Grade Dr a D in 
Standard G,-ad!? 
The follm'Jing table shows t~le enrolment s in 
colleges in 1986. 
8 
the STD 
TABLE 1.1 ENROLMENT IN STU COL.LEGES IN 19!36 
College STU 1 STU 2 STU 3 Total %Men %Women 
Bu t t. er- "lOr- t h 
Ci ci r a 
C I ar- k eb ur- y 
Maluti 
No. % of 
total 
187 45,9 
187 :~~'l ,2 
139 29,2 
179 :~8 , 1 
No. % 
140 34,'+ 
176 ""'1:::' ,.'_J 
184 38,7 
160 ::'~4 
No. % 
80 19,7 407 47 e-:~ ,J,_' 
140 27,8 5(2):3 47 ~~. -,. ~J_' 
1 J::."-:~ 
. ...J __ ' '';'I"'~ __ ' • .t;, , 1 476 C'I:;:" ,J .. .J 4~~ 
l~a 27,9 470 44 ~:i6 
----------_._-----.---
1 [:156 48,25 
The fifth col lege, Lumko, star-ted in Apr-il 1987. 
Table 1.2 shows the students enr-olled for- biology in the 
colleges. 
TABLE 1.2:STUUENTS ENROLLED FOR BIOLOGY IN 1986 
... _---_.- ---_. __ .. _._._-.- - .•. --- --_ .. _------- _. --'-
College STD 1 
No. 
But. ter-"JOr-th 40 
Cicir-a 45 
Clar-kebur-y 43 
Maluti 29 
% of 
t.otal 
21 ,4 
24 
'?'.,. 
~ .... '
16,2 
STD 2 
No. % of 
t. ot. a I 
40 28,6 
52 29,5 
54 ~~9, 3 
26 16,3 
STU :::~ 
No. 
1 '-, 
..::. 
37 
none 
25 
% of 
total 
11:::' 
.--' 
26,4 
yet 
19, 1 
Total 
No. 
92 
131 
97 
80 
The over-all total for- 1986 was 400, which is 21,6% of 
the total number- enr-olled for- the STD cour-se. 
9 
~; 1 ,75 
% of 
total 
22,6 
26 
~~!ZJ , 1 
17 
1.4.2.1 ACADEMIC STAFF AND QUALIFICATIONS 
In 1987, out of a total of 237 lecturers, 102 were not 
qualified ·for teaching in the colleges. This nUmbf?F" 
comprised a group of undergraduates and graduates who 
did not have professional tr-aining as teachers. 
One factor that retards the improveme nt of the quality 
of the college staff is the mobility of qualified 
lectur-el""s, who opt for promotion posts in s enior 
secondar·y schools. The minimum qlJalification far a 
college lec turer is a degr ee in the appropri a te subjects 
to be taught, a professional teachers certificate, and a 
teaching experience of at least 2 years in a compal""able 
school. 
The following is a table for the STD colleges of 
Education, as they appeared in the 1987 statistics. 
All the statistics of the colleges was taken from an 
unpublished paper by the Transkei Department of 
Education to the Region Liaison Committee, titled: 
The state of existing teacher education facilities 
in the Republic of Tran s kei. 
Date : ~4 January 1988. 
1~ 
TABLE 1. 2, 
lJualifi-
cation 
St.d 8 8( 
Pnof Cert 
SC 8, Proof 
Cer·t 
Part 
degree 
only 
Part 
degree 8< 
Prof Cert 
Degree 
onl y 
ACADEMIC STAFF OF STD COLLEGES AND THEIR 
IJUALIFICATIONS (1987) . 
Butterworth Cicira 
No. I. No_ 
5 17,2 14,3 
1 2,9 
6,9 1 2,9 
Clarkebury Maluti Total 
No. 'l. No . . 
8 36,4 111) 
4 
1 4,5 6 
'l. ~jo • 
8,3 
'l. 
" = .£, , ..J 
27,8 28 23,0 
1 11),82 
11 , 1 4 3,3 
16,7 111) 8,2 
----------------------_._-------------------------------------------
Sub - Total 
Degree 8( 
Prof Cert 
Honours 
DE>gree 
only 
Honours 
DegrE·e 8( 
Pr- rjf Cer' t 
B. Ed 8, 
Prof Cer·t 
Masters 
Degree 8~ 
Pr-of Cert 
Sub-Total 
TOTAL 
7 24 , 1 7 20 
10 34·, ~j 13 37, 1 
2 6,9 5,7 
3 10,:::'~ 8 22,9 
4 13, B 5 14,3 
75,9 28 811),11) 
29 11Z1121,12I 35 100,0 
1 1 
9 411),9 23 63,9 46 37,7 
~. 
... 22,7 9 25,0 37 3t2l,3 
1 4,5 1 2,8 4, 1 
4 3,3 
2 5,6 16 13,1 
4 18,2 1 2,81411,5 
1 -" 
--' 59,1 36,1 76 
22 11Z11Z1,1ZI 36 11Z11Z1,1ZI 122 112)11),121 
_ .- - - --.- -~.- .~ . _.- -- --~ .. --- ~-------- .~.--.-.------ -.-..-------~-~ ..... -.----
This shows that 34,4 % of these lecturers do not qualify 
to teach in the colleges. A bigger percentage (511)%) 
comes from one college. 
1.5 DATA COLLECTION 
Data was collected by using the following in s truments 
and techniques questionnail'"'es, interviews and concept 
tests. 
1.~).1 QUESTIONNAIRES 
T~lese were administered by the researcher to s tudents in 
the three colleges which offer biology as a major 
subject. Section A of the questionnaire seeks general 
information about the students. They al s o had to state 
reasons why they chose biology as a major, and whether 
they felt they are equipped to teach biology when they 
go to teach. Section B has specific questions about 
biochemistry, seeking to find out the main problem 
those areas ttley firld easier to understand and 
the reasons 0hy they find biochemistry difficult . 
Questionnaires were also sent to the biology lecturer s 
in the colleges of Education and to the standard 10 
biology teachers in the Umtata District. In these 
questionnail~es the researcher sought information about 
12 
the teact,er5~ experierlCe, qualifications, areas in 
biochemistry in which they think the students' 
performance is particularly poor. They also had to 
suggest ways in which the students' performance could be 
improved. 
The researcher is aware of the limitation s of using 
questionnaires and interviews in a research project. 
One of th e problems is designing a qLtestionnaire which 
avoids open-ended, comple): or leading qllestions. The 
questions may also be as~(ed in a ma nner that will not 
enable the administrator of the questionnaire to get the 
information he or s he needs for the research. 
The other problem is to ascertain whether the questions 
will be inte~preted in the same way by all the 
responder,ts. This means that the language used must be 
simple so that the respondents know exactly what is 
being asked. The researcher tried to overcome 
these limitations by having a s eries of informal 
interviews with the respondents not long after the 
questionnaire wa s adlninisterecl. T~lis was an attempt to 
substantiate information that could not be gathered from 
the que s tionnaire. 
Interviews, too, may lack reliability, 
representativeness and validity, with the respondents 
attempting to anticipate what the interviewer wants to 
hear. In this way, d a ta may be distorted by factors 
like suspicion. l"his may be more s o if a teacher 
interviews stlJdent s tie or she teaches . Many people from 
various sections concerned witt, biology teaching were 
interviewed to eliminate using views from only a few 
p,?op 1 e. 
1.5.2 I NTEF('v I EWS 
The re s earcher conducted interviews with the examiners 
of the Standard Grade and Higher Grade papers in the 
Tran s kei Matriculation examination s ; the lecturers in 
the In-Service Training Centre, who are experienced 
teacher-s; and some teachers wtlO have been involved in 
marking biology over at least 3 years. 
Ttlese interviews, exc e pt the one witt) the examiner for 
Standard Grade paper, wer~e non--str-uctured. 
collected throLlgh th e m wa s used in a qualitative manner 
to illuminate findings reported in the study. 
1.5.3 CONCEPT TESTS 
The data collected in the teacher-trainee questionnaire 
was used to identify the areas which the student-
teacher s find particularly difficult, and those they 
find easier" to understand. To highlight any existing 
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misconceptions (alternative ·FrameworJ(s), a concept te s t 
that. was u s ed by Bell (19f.l4) t.o invest i gat.e 15 year-ol d 
st.udents' underst.anding of plant. nut.rition in Britain, 
wa s given to t~le student-teact1ers. Bell. investigat..,d 
more specifically:-
to what. ext.ent the pupils understand 
that plants car-ry out aut.otrophic 
nut.rition and not heterotr"oph i c 
nutr-ition. 
to what. ext.ent. the pupils underst.and the 
role of 1 igt-.-t , chlorophyll and raw 
materials in photosynthesis. 
how t.hey concept.ualise the relat.ionship 
between food energy and maintenance of 
plant metabolism. 
The concept test consi s ts of 3 questions, each requiring 
application of ideas about nutrition in a different 
conteNt. The researcher chose this concept. t.est for t.he 
teactler-tr-ainees beCBlJSe most of the students indicated 
that. photosynthesis is one of thos e t.opics they find 
easier to uflderstand. If they had any misconceptions, 
hopefully t.he misconceptions would show in t.he t.est.. 
(see Appendix II), p. 112. 
The student-teac:hers were also given concepts 
1 ~" 
.'""' 
on 
photosynthesis. The concepts ~Je .... e arranged .... andoml y, and 
the s"tudent-teachers were required to rearrange them in 
the co ........ ect o .... de ..... Then they had to w .... ite pa .... ag .... aphs 0 .... 
draw concept maps, .to shm~ that they unfje .... stand how the 
concept. s ar~e 1 inked. The researcher had to give a 
choice of either a concept map or a par-agraph since some 
of the r"espondents were not conversant with concept 
maps. 
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CHAPTEr, 2 
LITERATURE REVIEW 
F:ecent research has been done on the students' 
understanding of various concepts of biology, and the 
effects of teaching strategies on their performance. 
Examples of these are:--
students' perception of the concept of life by Brumby 
(198.2>; some theoretical and empirical issues in the 
study of students' conceptual frameworks in science by 
Driver and EricJeson (1983); concepts, misconceptions arld 
alternative conceptions by Gilbert and Watts (1983) ; 
students' understanding of plant nutrition by Bell 
(1984) ; Understanding and misunderstandings of biology 
concepts by Marek (1986), and high school student s ' 
un~erstanding of food webs by Griffiths & Grant (1985). 
According to Osborne and Wittrock (1985) the motivation 
for the research has been the fact that the teaching and 
learning of scienc:e over the last two decades has flot 
been success ful 
\l'Jhich are:-
acceptable 
...... hi ch are 
sc i enti fie 
in developing concepts in children 
and useful to children and 
also s~llndly based on OLAr 
culture and heritage. 
Osborne and Wittrock (1985) pl13. 
The research to improve the teaching and learning of 
17 
biDlogy, has been dDminated by two major theories, 
namely Ausubel's theory of lear-ning, and Piaget '5 
developmental theory. The former theory has, according 
t.o La"Json (1988), focused attention on the ways the 
student s acqLtire and use general scientific reasoning 
p<>tterns. 
Lawson shows further that a new resear"ch tradition 
focuses on the students' alternative conceptions or 
mi sconcept.ions. This research 
............. provides an opportunity t.o 
synthesize the best of available theory 
into a view of the learning process that 
leads directly to a theory of 
instruction. If this theory of 
in struction were implemented, it 
would pr--oduce learners, not only VJith 
adequate understanding of specific 
concepts, but with truly general 
transferable reasoning skills as well. 
Lawson (1988), p. 2bb 
This activity, though, requires an active participation 
from both the teachers and the learners. £<igge ( 1982) 
has stated that the learner on one hand should actively 
construct his knowledge through relating in-coming 
information to a previously acquired psychological frame 
of reference. Each person should s elect and transform 
in·formation, and construct hypothese s in the light of 
inconsi sten t evidence. 
The teacher"s, on the other hand, should bear in mind 
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that s tud e nt s adopt concepts which to them s eem logical 
and coherent, and which influence the rate and eMtent of 
learning in science classrooms. Teac~)ers must therefore 
identif y stlJdents' misconceptions and adjust instruction 
to focu s on ttle obstacle s that inhibit their 
lJnderstanding of scientific concepts. 
Simpson and Arnold (1982) a s quoted by Ostald and Haury 
(1984) made a study analysing the conceptlJal 
under- s tanding on the basi s of personal interviews and 
performance on written test s by about 500 students, aged 
between 11 and 16 years. T~)ey found great inadequacies 
in prerequisite understanding, and a gap between the 
actu a l concept attainmerlt amoung stud e nts and the level 
of attainment assulned by the teachers. 
In another study, Marek (1986) identified fund a mental 
concepts in high school biology, and sOlJght to measure 
student s ' understandirlg s and misunderst a ndirlgs of these 
concepts. He identified 'the cell' and 'diffusion', and 
used the tenth grad e biology students as the subjects. 
He discovered that only 15,8% of thes e s tlJdents 
demon s tr-ated . a 50Ufld urlderstand i ng of the cell a 
concept whi c h is fundamental in biology. 
In the light of these studies, it b e comes clear that 
c onventional teaching approaches often leave students' 
understanding of biological concepts undisturbed. 
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Researchers have therefore directed the ir efforts to 
creating conditions under which students are likely to 
exchange an old concept for a new scientifically 
acc ep ted one. Minst re 11 (1983), qu o ted by Marek (1986 ) 
states that concept understanding remains nearly unchanged 
after instruc tion. As Marek ma kes no mention of the quality 
nor the level of instruction, it is unwise to generalise 
that instruction will not change the students' initial con-
ceptions. It may be that the teaching procedure should in-
clude helping students to recognise their initial 
tions. 
concep-
Yager (1986 ) is of the opinion that one reason for 
misconceptions in science students is that teachers do 
not recognise the preparation that the students receive 
a t the lower levels. They tend to downgrade the science 
that the students have pre v iously experienced, re-
gardless of its 
science concepts 
quality. Most teachers do not identify 
they want their in-coming students to 
know. As a result, science seems to be unrelated to the stu-
dents' real world. 
In addi tion to this there is the inability of the 
students to unde rsta nd a concept and to apply it. 
Stepans (1985) quotes a stud y that was designed to find 
out if children incorporate text book definitions into 
their personal world view, or whether the more primitive 
conceptions persist in spite of text books and t eaching . 
The results suggested that the children were not capable 
of app ly ing information covered in the text books. Most 
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of the students interviewed did not under s tand the 
concepts even a'Fter studying them several times. 
St e pans, therefore, concluded that studerlts' inability 
to understand a concept and to apply information may 
stem from some of the following:-
the concept i s introduced too ea~ly 
th e corlcept i s not developed p~ope~ly 
the concept is introduced only verbally 
rIO attention was given to what the child 
brought into the learning environment. 
Some t~leories are discLls s ed about t~le students' learning 
disabilities and how to attempt to solve them, 
especially in science and mat~lematics. Findings of 
r-esearch are summarised by Osborne and Wittrock (1985) 
as follows:-
* children have views about a variety of topics 
in science, from a yOllng age and prior to 
formal teaching. 
* 
children's views are often different from 
scientists' views and are f~equently not 
well-known by the teachers. 
* 
children's views can remain lininfllienced 
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be i nf luencE:·d in unanticipat.ed ways by 
science teaching. 
Dri vel'" and Erickson (1983) in usirlg the constructivist 
appr~oach , suggest that among science educ.:"1ti on 
res earcher s intere s ted in children's idea s , there is a 
shar-ed commitment to s ome form constructivist 
psychology. One model t.hat has come out of 
appr"oach is the generative mode l 
fundamental pr-emise i5:-
that. people t.end t.o generat.e perceptions 
and meanings that are consistent with 
t.heir prior lear"ning. To construct 
meaning requires effort on the part of 
the learner, a nd lir,ks must be generated 
between stimuli and the stored 
information. 
Osborne and Wittrock (1985), p.64 
The generative learning model i s concerned ",i th 
this 
Iflho s e 
the 
influence of existing ideas on what. input is selected 
and given attention, the links that are generated, the 
construction of meaning and the evaluat.ion and 
sub sumpt ion of the constructeej meaning s . Students 
construct ideas about their world , which are determined 
by their prior experiences and e}:isting ideas. This, 
toget.her with their everyday use of l a nguage cause them 
to develop ideas which are different fr om those of 
sci enti s t.s. 
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Osborne and Wittrock (1985) are of the opinion that this 
model accounts for the frequency wittT,wbi:ct"tthildren's ideas 
at'"e influenced in unanticipated ",ays by classroom 
e:-~per i ence5. A teacher has a lack of control in 
ensur" i ng that specific con s tructions occur and that 
existing ideas are influenced in the ways hoped for. 
This may be cau sed by the fact that children are often 
satisfied with their own explanation of phenomena, or" , 
they generate links from the sensory input to fit into 
their current ideas, Dr ttley resist major restructuring. 
All these theories lead to a search for appropy- i ate 
teachi n<:.~ strategies that would enable the 1 earner to 
link the new information with his existing body of 
knDwl edge. One of these strategies is concept-mapping. 
This strategy was introduced by No vak and !'£Jwin (1984) as ,a 
technique based on Au s ubel 's theDry of 
learning. Novak was of the opinion that , 
meaningful 
concept 
mapping provides an opportunity for creative, meaningful 
representation of students' knowledge. Students .,ho 
master this tec~lnique emerge wittl an Llnderstanding that 
and Y-eal knowledge involves more than rote - Iear-ning, 
that comprehension demand s the forging of links between 
new ideas and those already possessed. 
Brumby (1983 ) suggests that concept maps may have use as 
a teaching tool, as a map which explicitly shows 
learners the impor-tance of lin~cing the new and the 
existing knowledge. A learner preparing a concept map 
of a topic he has learned will have to actively relate 
new and old ideas, thereby overcoming rote learning of 
small isolated area~; of knowledge. 
Some methods of drawing concept maps advDcate a 
hierarchical arrangement on the paper, with the general, 
mo s t inclus ive concepts at the top leading down to more 
specific concepts. Others terld towards a centr c":\1 
position for the mos t general concepts with the ot~,er 
concepts radiating outwards from it. 
The following steps are given by Arnaudin et al <1984·) 
adapted from Novak at al (1980) 
* Read a short section of a book. 
Identify major concepts by 
underlining. 
list.ing 
List the concepts from the most general 
t.he most specific. 
t.o 
* Writ.e the most. inclusive concept. at. t.he top 
o·f the map. Link it t.o the less inclusive 
and label all linking lines wit.h words. 
* Try to branch out, and make cross linl,s. 
Arnaudin et. ~2_, (1984), 118. 
Concept maps aid learning during individual study, dutbng 
classroom instruction and as a tool to evalllate pupils ' 
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learning. They pr-ovide a two-dimensional representation 
of the learner's structure of knowledge in a discipline. 
According to Feldsine (1987) concept mapping encour-ages 
students to become active participa nt s in their 
learning, since they learn as they construct the maps. 
It also encourages t~lem to form a unified picture of 
chemical concepts. 
Stuart (1985) suggests the following assumptions 
underlying the use of concept maps:-
* 
* 
Concept maps are equivalent 
thinking processes - either to 
to 
the 
whole process or to s ome urlderstood 
part of the proces s . 
the drawing of concept maps 
understanding and/or recall by 
learrlerR 
aids 
the 
* it is possible for the instructor 
to use the concept mapping 
technique to make diagnoses abolJt a 
learner"5' performance on a topic. 
Stuart (1985), p. 74 
Finally, some research has been done on plJpils' 
underst a nding of photosynthesis. It is important that 
biology students lJnderstand the concept of 
tlecau s e of its lin~(s with many other 
areas of biology. Photosynthesis is a process by which 
radiant energy from the sun is trapped by green plant s , 
and converted to chemical energy. This energy becomes 
locked up in carbon compounds which are end - products of 
photos ynthesis. 
Green plants are important producers in both terrestrial 
ar,d aquatic eco s ystems, beCalJSe of their ",bil ity j:o 
manufactur e their o wn food during photosynthesis. 
It is, therefore, essential for biology students to 
understand this concept, a nd the role that photosynthes i s 
as a process, plays in biology. In her resear"ch on 
st.udent~'S . understanding of photos ynthes is in Israel, 
Stavy- Yehudit (1988 ) f ound that adults w-u u.ere doing Biology as 
a non-major, showed very little understanding of the 
essential role of photosynthesis in the ecosystem. 
of them perceived both respiration and photosynthesis as 
a gas f?Nchanqe. 
(1984) attempted to investigate the understanding 
of plant nutrition by 15 year olds. She di s covered that 
mo s t of the respondents had", vague understanding of 
plant nutrition. The researcher h a s subsequently 
adopted the concept. test.s L1sed by Bell (1984) , and used 
t.hem on teacher-trainees t.o find out whether t.hey would 
have the same miscc)nception s . The assumption is that. if 
s t.udents who are being taught in their mother tongue can 
e~:perience some serious misconceptions, then it will be 
worse with Transkei students who are taught in a foreign 
language. 
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CHAPTER 3 
DATA PRESENTATION AND ANALYSIS OF QUESTIONNAIRES 
STUDENTS' QUESTIONNAIRES 
STD is a 3 year CDUY"Se in which a student majors in two 
subjects in whict, helshe has performed the best in the 
matriculation examinations. For some studerlts, however, 
this is not always the c a se and they major in a 
particular subject beCalJSe that i s the only s tream where 
there is still a vacancy. 
During the three years, the student - teacher s are given a 
thorough revision of the content of the standards 8 to 
10 syllabus, f.~S well as the appropriate ~:::.l.tb ject 
met.hodology. 
Quest.ionnaires were admini s tered to 87 final - year 
respondents but only 78 of t.hose were filled in fully, 
the rest had most of the qu e stions left bank. This 
represented a 89,7 X return. 
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TABLE 3.1 STUDENT-TEACHERS' PERSONAL INFORMATION 
n '" 78 
AGE 16-212) Above 21il 1\10 Response 
No. 'l. No. 'l. No. 'l. 
6 7,7 69 88,5 3,8 
Symbols in Matric A - B C -- D E -- F 
Biology No. 'l. No. 'l. No. 
4 5, 1 43 55,1 31 39,8 
Gr ade HG SG No .... esponse 
No. 'l. No. 'l. No 
71 91 c · ..J 6,4 2 2,6 
The age of the student-teachers was noted in order to 
compare their responses with those of the 15 year-old 
pupils used by Bell ( 1984) in investigating their 
understanding of plant nutrition. 
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From the table, 6G,2 % of the respondents obtained 
no students obtaining ~n A symbol, and 91% of the 
r"f-l s pondE·n"t: s wrote ~iology on Higher Grade. 
STUDENT - TEACHERS' REASONS FOR CHOOSING BIOLOGY 
AS A MAJOR N=78 
RESPONSE 
Students ' s ucces s in the subjEct 
- -----~- . - -- - --- --- - -----
I. r like/under s tand it better than 
other' s ubjects .. 
" ..::.. r passed it better in standard 
lIZ). 
3. It is practical .. 
4_ r am interested in teaching/ 
learning about nature. 
5 . It i s interes ting/easy. 
6 . It teaches me the wa y living 
or-ganisms live .. 
Students' view 
7. It is the only subject 
teach SLtccessflJlly. 
I can 
8. To improve the standard of 
biology teaching. 
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No, 
41, I/) 
2 2,6 
14 17,9 
13 16,7 
8 1O,3 
4 5, 1 
4 5,1 
1 1,3 
The responses have been divided into categories as 
shown in the table. the respondents chose 
biology because they performed better in it than in the 
other' subject. 50% of ttlem, though, chose it beC8lJSe of 
It i s interesting to note that most of 
these respondents chose biology because it is practical, 
inspite of the f act that students generally complain 
that there is a lack of practical work in the teaching 
of biology in the schools. 
The remaining respondents expressed their views of 
biology t each ing, with one of them claiming that it is 
the only subject he could teach successfully. 
TABLE STUDENT-TEACHERS' RESPONSES ON BIOCHEMISTRY 
N = 78 
F:ESPONSE No 
Easy /,7 85,9 
Difficult 1 III 12,8 
No I'~esponse 1 1 ,3 
Asked whether they are equipped to teach biochemistry 
th ey res ponded in the way shown in the table below:-
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TABLE 3.4 RESPONSES ON HOW EQUIPPED THE STUDENT-
-----.~----- ~.--. --_. ..---------- -------
T E t\ C !:::,5..~§' [I;IJ, !~l. !.~~~!:::'. f:!LQ.~!:::'.~~1.!5IE~:.:: 
Response No 'l. 
Yes 65 8 3 ,3 
1\10 1 ') 15,4 
No Response 1 1 7 , -' 
For those who felt they were not equipped to teach 
biochemistry the following reasons were forthcoming:-
TABLE 13.~\SC2!~~ W,!:':: §_~..I:!Q~!::~!'§' fJJL ILl,. - EQU I p~~.!? TO 
TEACH BIOCHEMISTRY 
Reasons No 
1. 
2. 
4. 
6. 
7. 
There are difficult chapters. 
Biochemi s try is difficult. 
I do not understand it, 
therefore I cannot teach it. 
I did not study it in Standards 
8 S, 9. 
Certain topics were not taught 
thoY"lJughl y. 
I nee d to know more of it. 
It contains a lot of practicals. 
It involves a lot of 
science in which I 
i nter'ested .. 
n ::: 12 
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physical 
am not 
7 
.. ' 
2 
1 
1 
1 
1 
:3.1.2 HOW THE STUDENT-TEACHERS FIND BIOCHEMISTRY 
85,9% of the respondents claimed that biochemistry was 
not too difficult fo r them t o understand, whi Ie 12,8% 
found it difficult. The remaining 1,3% did not respond 
to t. h e question. 
In sonIa r-e s pects tt'lis was a rather s urprising response 
as bioc h e mi stry is consid ered by teachers to be a 
difficult subjec t area. The validity of the response 
was fu r ther explored. Informal interviews with the 
studen t s 5~lowed that they we re under the im~)ression that 
biochemistr"y comprises only the biological cOlnpounds ar1d 
ttle nucl eic acid s . They did not. recognise the other 
topics as falling under bioc hemistr y , until 
s hown th e entire li s t. of topics by the researcher in the 
CJ!:.:lesti o nn ai reo One wonders, therefore, whether the 
r esponses to thi s qLlestion were n o t influerlced by this 
miscon ception s ince they re s ponded to this question 
b e fore t h ey saw the li st of topics. 
3. 1. 3 HmJ EC!iJ I F'F'ED THEY ARE TO TEACH 
BIOCHEMISTRY 
83 , 3 % of the respondent s felt equipped enough to teach 
biochemistry in the schools. This tallies with the 
respondent. s who felt that biochemistry was not 
,Hfficult. Equall y , the va lidity of the responses to 
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question is questionable. These responses 
highlighted the unr"eliability of un pl10t ed and unrefined 
questionnaires in ~etting the information. 
The remaining respondent s who felt they were not 
equipped to teach biochemistry gave a variety of 
reason s . These range from the fact that bioc hemistry is 
difficult to a need to know more about it. 
3. 1.4 LIST OF BIOCHEMISTRY TOPICS 
1. Chemical Composition of Protoplasm 
2. Relevant functions of water and proteins 
Nucl e ic acids 
4. Protein synthesis and gene mutations 
Biological compounds and nutrients water-, 
macro and micro- nutr"ients; or-garlic compounds 
- carbohydrates, lipids , proteins, vitamins. 
6. Enzymes and Co-enzymes 
7. Photosynthesis 
8. Cellular respiration 
9. Chemical processes of digestion 
Respondents were requested to identify 3 areas which 
they f ",el are the most difficult. A few of these 
responses did not indicate 3 areas. Of the 234 
topic s expected from all the respondent s, 206 were 
given. This constitutes a res ponse of 88X. 
They were further requested to identify 3 areas which 
they find easiest to understand. Of these, 2 1 7 
responses wer-e receivEd, a response of 92,7%. From 
these responses, ttle following two tables were drawn, 
indicating the order of preference. 
TABLE 3.6 TOPICS STUDENTS FIND MOST DIFFICULT 
n = 206 
TOPIC No 
1- Protein Synt.hesis 52 25 ,4 
2 . Enzymes and CD-Enzymes 44 21, ,4 
7 
~, . Cellular Respiration 27 13,1 
4. Nucleic Acids 21.J 12 ,6 
~ 
.J . Biological Compounds T' ~, 11 ,2 
6. Chemical F'roces!::=. of Digestion 17 
-' 
6,3 
7. Protoplasm 08 3,9 
8. Functions of Water and Proteins 07 3,4 
9. Photosynthesis 1216 2,9 
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TABLE 3.7 TOPICS STUDENTS FIND EASIER TO UNDERSTAND 
n .= 217 
TOPIC No 
1- Photosynthesis == .J .... '"')~- -:'I" 4..J , _, 
~ Chemical Pr'ocesses of Digestion -;"1' ":0- .15,2 .c. .... ~ ..... ' 
7 
... ' - Nucleic Acids 29 13,4 
4. Protoplasm 28 12,9 
= ..... Functions of Water and Proteins 24 11 , 1 
b. Cellular Respirat.ion 17 7,8 
7. Enzymes and Co- enzymes .1 ~:; 6,0 
8. Biological Compounds 1 1 5,1 
9. Protein Synthesis 07 3,2 
One would have expected table 3.7 to be an inver s e of 
table :;.6. The topics at the extremes of the tables 
match quite well, with the topics rated most difficult 
in table 3 .6 being at the bottom of the li st of the 
easi er- top i cs. As could be expected, those in the 
middle of the tables show some discr'epancies. Nuclei.c 
acids, for example, rate quite high in the list o f 
difficult topics, and it also rates high in the li s t 
of easy topics. This discrepan c y, again, s hows the 
unreliability of ques tionnaires. 
Photosynthes is has been identified as one of the easies t 
topics for thH s tudHnt-teachHrs to understand. 
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Subsequen t interviews with the s tudents revealed that by 
photosynthesis most of the respondents meant the general 
d e finition of the concept, "Ji thc)ut uoi ng into the 
details of the light and dark phases. 
3. :1..5 STUDENT-TEACHERS' POSSIBLE REASONS vJHY 
BIOCHEMISTRY IS DIFFICULT TO UNDERSTAND 
A table was drawn from the responses which were arranged 
in categories according to their" similarity~ 
The ques tions used were operl - ended and then the 
r-esponses categor- i !5ed into the following 
categor-ies: -
( i ) Nature of the subject 
(i i) Role of th e teacher 
( iii) t~le student motivatior1. 
TABLE 3.8 STUDENT-TEACHERS' REASONS N = 164 
RESPONSE 
Nature of subject 
1. Has 
not' 
on. 
a lot of c~lemistry which was 
done by the others earlier 
2. Too abstract, therefore becomes 
vague. 
4. 
Needs a lot of concentration and 
cannot be related to real life. 
Needs logical thinking. 
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No 
41 
11 
25 
14,0 
6,7 
1 ,8 
6. 
Biological 
confusing .. 
cycles are long and 
Forml11ae are similar and easy to 
mi >: up. 
7. Consi s ts of difficult diagrams / 
st.ructul'"es .. 
8. Some terms ar'e impossible. 
9. Cannot be studied without 
teacher-'s help. 
a 
lB. Has a lot of calculations. 
11. 
Sub'-Total 
Not done pr-actically by teachers 
since ther-e is a lack of 
~ 
.J 
4 
7 
'-' 
1 
:2.~ 
97 
equipment in the schools. 24 
l.2. ~lost teacher"s do not underst.and 
it themsel Vf.:~S, and theY-efore do 
not. teach it p,.-oper-Iy. 13 
13. No teaching aids are used. 15 
14. Teachel-s do not allow pupil s to 
par-ticipate in the 1 esson s. 4 
15 .. TeacherMs teach it. late in the 
standar-d 1 III yea,' . 1 
Sub-Total 57 
Student motivation 
16. Pupils have a nega"ti ve attitude 
towards it. 6 
17. Lack of motivation. 2 
37 
3,O 
1 .8 
2,4 
1 ,8 
1il,6 
1 ,8 
59,1 
14,6 
7,9 
9,1 
2,4 
1il,6 
34,8 
3,7 
1,2 
18. Encourages memorisation and vote 
learning although it is difficult 
even to ,nemor"ise. 
Sub-Total 
2 
llZl 
59,IX of the responses fall under this category. 
1 ,2 
6, 1 
They 
range from the complaints of a large amoun t of chemistry 
in biochemistry, the abstractness of biochemistry, the 
di-Hicult d i agr- ams r'3nd to a lot: of 
ca lculati ons in b i ochemi str·y. At least -t hree 
re s pondents gave the latter as a rea s on. What they 
meant abOlJt it, the researcher could not make out, since 
t~lere are no calculation s ir} biochemistr"y. This may be 
attributed to a language problem. 
~Jhat bothe rs the s tudent -teachers the most about the 
amount of chemistry in biochemistry is that most of them 
did a minimum amount o-F chemist.ry in t.he 
secondary claSSES. So they feel that the amount of 
chemistry in general s cience i s not adequate as a basi. s 
for bioc hemistry. 
Re s pondents also felt that biochemistry is too abst.ract. 
to lJnder-stand easily, and it therefore becomes vague. 
This is where models, exper"inlents and other teaching 
aids ClDuld help the students' under"standing of the 
concepts. Since there is a ser-i QUS o -f 
equipment in Transkei schools, t~lese concepts can only 
be taught in an abstract and theoretical manner. 
At the same time, the lack of equipment for the teaching 
of biochemistry is sometimes used as an excuse. Some o -f 
t~le e~periments would not necessarily lead to great.er 
LJr1derstandir19 of the concepts. Practic a l work needs to 
be enhanced by a thorough explanation of t.erms and group 
discussions. If this is done by a teacher ",./ho 
understands biochemistry, it. could be more effect.ive. 
The role of the teacher 
Th e responses in this category focus on the role of the 
teacher in t.he teaching of biochemistry. They ,-"nge 
from the failure of teachers to do practical work and to 
allow students to participate in the lessons, to a lack 
of under s tanding of biochemistry by the teachers 
themselves. The students feel that because the teachers 
do not understand biochemistry, they teach it lat.e in 
the year. The st.udents, therefore, do not have a 
chance of concentrating on it long enough before they 
write examinations. From interviews with the students, 
it. was discovered that. some teachers do not even attempt. 
some sections of biochemistry. 
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The role of the stud e nts 
It i s interesting to note that only 6,1% of the responses 
focus on the role that students play in the learning of 
bi ochemi st.,-y. These respon s es irlclude the students' 
negative attitude towards biochemistry, their lack of 
motivation and f oundation. Apparently the students have 
adopted the teachers' attitude towards bioch emistry, and 
consequently they believe that it is a difficult. 
sectiona The students feel that biochemistry should be 
introduced at an earlier stage to form foundation for 
the work done in standards 9 and 10. 
3.1.6 STUDENT-TEACHERS' SUGGESTIONS FOR IMPROVEMENT 
The suggestions have b een categorised under teaching 
strategies, role of the teacher and the role 
TABLE 3.9 STUDENT-TEACHERS' SUGGESTIONS 
n = 186 
RESPONSE 
1. Practical work ShOllld be done and 
should involve the pupils. 
Teaching aids/models should be used . 
Pupils should be encouraged to have 
group disc ussions. 
4. Thorough explanat.ions of terms by 
412l 
No 
50 
19 
of 
'l. 
26,9 
11 ,8 
Hl,2 
the teacher. 
The theory must be mastered. 
6. Must be taught from as early as 
standar-d ~}. 
7. t1ust be made morp i nteresti ng to 
motivate students. 
8. P~lysical science for standard 8 to 
be compulsory. 
9. Must be excluded from biology. 
112l. 
11. 
Sub ._-T ot ," I 
Mu s t be taught by teachers 
under·s tand it. 
The importance of biochemistry 
be made clear by linking it 
,-ea1 life. 
who 
must 
I'Ji th 
12. Demon s trations by teachers and 
manipulation materials by pupils. 
13. Teachers should prepare thoroughly. 
14. Work sheets must be provided. 
flub·- T ot a I 
15. Students must have a background of 
chemi str·y. 
16. Students must use effectiVE studying 
methods. 
17. Pupils to be given homework. 
Sub-Total 
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14 7,5 
4 
7 3,8 
1 '7' 6,4 
::-; 1 ,6 
1 o e' , -, 
71,12) 
16 8,6 
112l 5,4 
5 2,7 
6 ....,.. t-) 
.... ' , .L. 
~ 
--' 1 ,6 
412l 21,5 
8 4 , :.~ 
~ 1 ,6 
-' 
~ 
-' 
1 ,6 
14 7,5 
The use of teaching aids, models, practical \.'Jor k and 
group disClJSsions by students range very high in the 
students' r'ecommendations. It is their feeling that the 
teact, ers use th~ lecture method in this are~ of tt,e 
work, and do not give a thorough e}:plarlation of terms. 
The students feel that for biochemistry to be understood 
proper-l y, the teacher"s and s tudents should master the 
theory (with the help of experiments where possible), 
and that it s hould be made interesting. 
They feel they could understand it better if it could be 
introduced earlier. In addition to this, they feel that 
they need to have a stronger background in chemistry for 
th e m to understand biochemistry. It therefore becomes 
apparent that the students feel that the chemistry they 
study in Standards 6 and 7 i s not adequate for a sound 
understanding of biochemistry. 
The Teachers' Role 
The s tudents seemed to be aware that some of the biology 
teacher-s have problems in the teaching of 
biochemistry, even if they are good in the other areas of 
biology. They also felt that biochemistry should not be 
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isolated from the other areas of biology, but must be 
linked with them a nd with real life situations. This 
would hopefully help the students to understand it 
bet ter. 
The students feel that the teachers should prepare 
thoroughly when they teach thi s section. Inter v ievJs 
with the students revealed that some teachers either 
avoid teaching it, or when they do, their attitude is 
such that the students are di s couraged from asking 
questions. 
Another suggestion is that the teachers s hould involve 
the students when performing demonstr-ati ons and 
e>:periment.s. They should also encourage the students to 
manipUlate the materials thems elves. 
The Role of the Student s 
Th e student involvement includes students asking 
questions, and taking part in group discussions and 
pr- ~':;\cti ca l we)!'" k . The s tudents feel that their study 
skills in biochemistry should be different from those 
they u s e in the other sections of biology or other 
subjects. A change of attitude towards biochemistry to 
a more positive one may make them appreciate and 
under s tand it. 
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TEACHERS '/LECTURERS , RESPONSES 
l"he presentations of the responses of the lectlJrers and 
teachers of biology in colleges and schools respectively 
will be shown under the following sections!-
SECTION A consists of the general informatiDn aboLtt 
them, namely qualifications, highest levels in which 
biology was passed and their teaching experience. 
SECTION B involves the questions about biology in 
general and biochemistry in particular. These include 
sections of biochemistry that the students find 
difficult to understand, those they find easier to 
undel'"stand, reasons for the stlJdents' poor performance 
and s uggestions for improvement. 
Altogether 1= , .J teachers, selected at randc)m 
Umt.ata di st.ri ct hi gh school s, Y-esponded 
from the 
to t.hese 
questionnaires. In addition questionnaires were given 
to the 10 lect.urers of biology or general science in the 
colleges. 
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3 .. 2.1 GENERAL INFORMATION 
TABLE 3.10 : TEACHERS' AND/LECTURERS' QUALIFICATIONS 
n = 25 
ACADEMIC PROFESS I ONI~L 
DUALIFICATION No QUALIFICATION No 
M.Se ~ 
-' 
12 B.Ed 4 16 
BooSe (Hons) 6 24 U.E.D. Dr 
H.D . E. 4 16 
B.Se 6 24 Dip. in Educ. 
(non-grad) 8 32 
B.A. 5 20 S.S.T.C 3 12 
MATRIC 5 20 J.S.T.C ..., ~. 8 
A.C.P 1 4 
H.P.T.C 1 4 
None 2 8 
TABLE 3 .. 11 TEACHERS AND LECTURERS' HIGHEST LEVEL IN 
----
WHICH BIOLOGY WAS PASSED 
---_. 
----
~-~~.~ 
-----
n = ,",c' ~-' 
No /. 
M.Se 2 8 
B.Se (major) 9 36 
Course I I ~ 
-' 
12 
Course I 4 16 
A-· level 1 4 
Std 10 6 24 
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TABLE 3.12 TEACHERS' AND LECTURERS' EX PER IENCE IN YE ARS 
N = 25 
YE ARS No % 
0 - 5 5 20 
5 
-
10 9 36 
10 - 15 4 16 
15 and above 7 2B 
60% of the teachers interviewed hold B.Sc. degrees and 
above . 20% hold a B. A. degree and the remaining 20% have 
matric as the highest academic qualification. B% of the 
interviewed teachers do not have 'either a professional 
or academic qualification but are still studying for a 
degree at the local university. 
The teaDhers who hold B. A. degrees from South African Black 
Universities have an arts-orientated degree which does not 
have biology as a major. The respondents with matric are 
not qualified to teach biology at Standard 10 level, but 
due to a lack of qualified teachers they teach to Stan-
dard 10 level. 
In the STD Colleges of Education, the minimum 
qualification for lecturers is a relevant junior degree 
and a professional qualification. All the STD lecturers 
. 
interviewed are qualified to teach biology at this 
level. 
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6% of the respondents have post-graduate teacher s' 
professiona l cer-tificates, which equip them to teach 
students in secondary schools. 12% of the respondents 
hold SSTC which is a non-graduate diploma which equips 
the teacher- to teach in senior secondary schools. The 
other- 12% hold JSTC, a post-matriculation diploma in 
which teacher"s ar-e trained to teach in jlJnior secor1dary 
schools. These teachers, therefore, are not trained to 
teactl in senior' secondar"y s chools. Of the teachers 
interviewed, 32% do not qualify to teach either at high 
5C tlool or at college. 
44% of the interviewed teachers and lecturers have 
passed biology at degree level and above. 
that they have majored in either zoology, 
This means 
bot.any or 
both, since ih most South African universities biology 
is not offered as a COLtr" se above Course I. 
12% did it up to Course II level and 16% up to Course I 
level . The remaining 28% did biology up to matric. The 
latter are likely to be experiencing problems with some 
aspect.s of biology, si nce they do not. have any 
supplementary knowledge on the subject they teach. 
With regard to exper ience, 28% of the respondents have 
more than 15 years experience, while the rest have les-. 
The researcher particularly asked this question to find 
out how many teachers were possibly taught biochemistry 
at school. Biochemistry was introduced into the biology 
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syllabus in 1968, therefore, all those who studied 
biology before 1968, did not study it. Thi s means that 
they are some of the teachers who have had to teach 
biochemistry without studying it. 
3 . 2.2 TEACHER/LECTURER PERCEPTIONS OF THE SECTIONS 
OF BIOCHEMISTRY THAT THEY THINK STUDENTS FIND 
DIFFICUL.T 
Each respondent was required to supply at least three 
areas which students find difficult. Some, though, 
supplied less than three. 
TABLE 3.13 , TOPICS THAT TEACHERS/LECTURERS PERCEIVE THE 
STUDENTS FIND DIFFICULT 
n = 67 
TOPIC No 
1. Cellular respiration 19 28,4 
2 . Photosynthesi s 14 20,9 
3. Functions of Water and Proteins 7 111l,4 
4. Protein Synthesis and Gene Mutations 7 111l,4 
5. Biological Compounds 7 111l,4 
6. Nucleic Acids ~3 7,5 
~ 4,5 
-' 
7. Protoplasm 
8. Chemical PrC)CeS5 of Digestion ~ 
-' 
4,5 
9. Enzymes and Co-Enzymes 2 ~5 , 121 
----------
TOTAL 67 II1Jf2l 
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TABLE 3.14 TOPICS THAT TEACHERS/LECTURERS THINK THE 
STUDENTS FIND EASY 
n = 9 
TOPIC Number 
1. Digestion 7 
-' 
2. Functions of Water and Proteins 7 
-' 
-, 
-' . Protoplasm 1 
4. Biological Compounds 1 
~) . Enzymes and Co-Enzymes 1 
There was 89,3% response on the question on the topics 
that the teachers think students find difficult to 
underst a nd; whereas t~lere was only 12% response on 
those the students find easier to under stand. This 
seems to indicate that the teachers feel that students 
have problems witt, biochelnistry. 
Table 3.13 shows the order of difficulty of topics as 
arranged by th e teac hers / lecturers. The t .ea c her-
tr-ainees, on the other hand arranged the topics as 
fDIIDws:--
1. Prot e in synthesis and gene mutations. 
2. Enzymes and co-enzYfnes. 
3. Cellular respiration. 
4. Nuclei c acids . 
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5. Biological compounds. 
6. Chemical p~ocesses of digestion. 
7. Chemical composition of p~otoplasm. 
8. Relevant functions of wate~ and p~oteins. 
9. Photosynthesis. 
It is inte~esting to note that the student-teache~s 
~egarded photosynthesis as ~elatively easie~ than othe~ 
topics, yet the teache~s ~ange it quite high in the list 
of difficult topics fo~ the students. 
Acco~ding to the teache~s' ~espon ses the topic enzymes 
is not difficult for students to 
unde~stand, yet the students rated it as a difficult 
topic. 
What does this negative co~~elation imply? Does it. 
imply that student.s have alternative frameworks that 
make them think they understand photosynthesis when in 
fact they do not? Or are the teachers themselves not 
sure of their concepts? 
3.2.3 TEACHERS'/LECTURERS REASONS FOR STUDENTS' 
POOR PERFORMANCE 
The reasons were categorised under the nature of the 
subject and poor teaching in schools. 
5(2) 
1. Lack of chemistry/physical science background. 
2. Biochemistry is not considered a difficult part in 
the syllabus. 
3. Lack of correlation of biochemi s try with the rest 
o·f biology. 
4. subject combination. (Colleges of 
education) . 
1. Pupils are not taught properly. 
2. Lac~~ of motivation by the teachers. 
3. Teacher~ are not qualified enough to teach at the 
levels at which they teach. 
4. Lack of equipment for experiments. 
e 
.J. Language problems which lead to problems 
understanding. 
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Of the reastlns stat.ed by the st.Lldent - teache,·s, th2 five 
rated the highest are the following:-
1. Has a lot of chemistry which is not studied 
earl i er~ on. 
Not done practically - since there is a lack 
equipment in schools. 
3. Too abstract and ther-efore becomes vague. 
4. No teaching aids used. 
5 . Needs a lot of concentration and cannot be related 
to real life. 
The teachers/lecturers gave the above as the most 
possible r-easorlS. Both the teachers/lecturers and the 
student-teachers agree on - two reasons a s the most likely 
reasons for the students' poor performance in 
bi ochemi stry . Both the teachers and student-teachers 
feel very st"ongl y about the 1 ack of chemi stry or. 
physical science background, which they think they need 
for understanding some concepts of biochemistry. They 
also feel strongly about the lack of equipment to 
perform biochemistry experiments. 
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AND TEACHEF:S ' SUGGESTIONS FOR 
IMPROVEMENT 
These suggestions were categorised under t~le teacher"s' 
role and the students' role. 
Teachers' F<ole,-
1. Teachers should teach biochemistry like they teach 
the other sections of biology. 
2_ In-seryice training courses should be held to 
upgrade the teachers' content knowledge and 
teaching strategies. 
3. IllustratiorlS and Inodels should be used in this 
section since it is abstract_ 
4. New methods of teaching biochemistry should be 
invented .. 
5. Less qualified teachers should not teach it. 
6. More biochemistry questions should be included in 
the compulsory section s of the question papers. 
Students' Role,-
1. Students must do physical science at least up to 
Standard 8~ 
2. The negative attitude towards biochemistry should 
be changed. 
3. Lear'ners should be e:-:posed to day-t.o - day 
biochemistry concept.s. 
4. Students should ask questions and have group 
discussions. 
Student-teachers the follooJing suggestion s 
hiCjhest,-
1. Practical work should be done. 
., 
.~ . Teaching aids or models should be used . 
Students must be encouraged to be involved in 
group discussions. 
4. Must be taught by teachers who understand it. 
5. Thorough explanation of the terms by the teachers. 
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fume of the lecturers' and teachers' suggestions are vague 
and do not give the researcher much to work on. Under 
the teachers' role, suggestions I and 4 need some expla-
nation. 
Most of the suggestions are common for both the teachers 
and the student-teachers. While the suggestions may 
seem reasonable, the practical reality is that the 
suggestions cannot be implemented. Standard 8 is no 
longer (since 1988) an external examinati on class, 
therefore students who have chosen physical science in 
Standard 8 will have to continue wit h it to Standard 10. 
The conditions in the schools can no t improve over a 
short period because of the costs involved. 
Therefore, solutions should be s oug ht, to enable 
teachers to use teaching stretegies which will not 
require practical work for the students to understand 
the concepts. They should be strategies whic h wii.l'l make 
use of available resources, and which will link the 
students' existing knowledge with the new concepts that 
the teachers are presenting to t he students. 
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CHAPTER 4 
ANALYSIS OF THE CONCEPT TESTS 
The respondents were given a concept test that was used 
by Bell and Brook ( 1984) to 15 year - aIds in an 
inves tigation about the kinds of ideas some secondary 
school students have about aspects of plant nutriti o n, 
and to analyse ttle e xtent to which students use taught 
ideas in a meaningful way. 
They responded to three questions, each requiring the 
application of ideas about plant nutrition in 
different context. (see Appendix II , p . 1 12 To r full 
qu e s ti ons an d diagrams ). 
According to Bell (1984), the following are the accept.ed 
scientific responses:-
HAY-TODAY 
A farmer cut hi s meadow for hay (feeding grass). He 
noticed t.hat the grass he cut was green, but the stalks 
left were yellow •. 
HO~'J do you e>:plain this? 
* 
Pigment. cholophyll is responsible for the 
green colour in grass . 
* In the absence of light, no chlorophyll. 
* Grass blades at top are exposed to sunlight 
and are therefore green. 
* Stalks at the bottom are shielded from the 
sun, therefore are yellow. 
VILLAIN 
In a science fiction book, a villain 
threatens to spray the countryside with a chemical that 
dest,-oys chlorophyll (the green substance in plants). 
What effect will this have on plant life? Explain your 
answer as fully as you can. 
* With no chlorophyll, plants would be yellow 
or- whi teo 
* 
With no chlorophyll, photosynthesis cannot. 
occur" 
* The plants would be unable to manufacture 
their own food. 
* Without a source of food, plants would die. 
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I3RmJ TREE 
A small tree is planted in a meadow. After 20 years it 
has grown into a big tree, weighing 250 kg more than 
when it was planted. 
Where do t~le extra 250 kg come from? EHplain your 
anSIf-Jer as full y as YDU can. 
* 
Plants take in water from the soil, through 
roots, and carbon dioxide from the air-. 
*. Using water and carbon dioxide in the 
presence of chlorophyll, plants convert light 
energy into chemical energy and manufactures 
food substances such as gllJcose. 
* Some of the energy-containing substances are 
used for making new plant cells, which gives 
the plant its extra weight. 
4.1 STUDENT-TEACHER RESPONSES 
In all the questions, three categories of answers were 
identified, namely:-
(i ) Responses which included all or some of 
the relevant scientific ideas. 
(i i) Responses that are vague and/or include 
58 
alternative explanations about plant 
nutrition. 
(i. i 1) Responses that provide no indicati.on 
that t~e respondent understands the 
quest i ons~ 
4.1.1. HAY-TOD?\y 
54,5% of respon s es contained most of t~le relevant ideas 
of the accepted answer to the question. Some o-f them 
were expressed well . The following are examples of the 
responses, and ~re direct qlJotes of the responses . 
1. The s talk s were not exposed to sunlight, 
which is the source of energy. 
Photosynthesis did - not take place in the 
stem, chlorophyll wa s not activated. 
,.., 
~- . l'he portion that was cut is green, has 
mor-e chloroplasts because it is exposed 
to sunlight and photosynthesis takes 
place in that green part. The stalks 
are under cover ttlerefore no or less 
photosynthesis takes place. 
3. The grass is green because it has 
chlorophyll which enables photosynthesis 
to take place, but the stalks were 
yellow because they were not exposed to 
sunlight, 
yellow. 
so the colour changed to 
Photosynthesis could not take 
place in 6tal ~,s since they were under 
the leaves. 
4. The grass the farnler cut wa s exposed to 
sunlight so it carried out its 
photosynthesis. Stalks were not exposed 
to light because grass does not grow as 
single stalks, it is dense, there f ore 
stalks are not exposed. 
Within thi s category, some emphasize an absence of 
chlorophyll from the stal~(s becBllse there are no 
chloroplasts. This gives an impression that the 
respondents believe that chloroplasts are only found in 
the leaves and not on the stalks. They do not offer a 
reason why stalks are yellow. 
1. The stalks of this plant contain no chlorophyll, 
only the grass contains chlorophyll. Therefore 
the s talks depend on grass for their food. Stalks 
that were left cannot synthesize food, 
they cannot grow. 
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therefore 
2. The farmer removed leaves where photosynthesis 
takes. place. The chlorophyll containing parts of 
the F)lant are on leaves, arId therefore no place 
for manufacturing of plant food. 
3 . The green colour in tt,e grass is caused by the 
pres ence of chlorophyll in the leaves, and that 
indicates t~lat ptlotos yr'lthesi s takes place. In the 
stalks there are no photosynthetic cells, 
therefore chlorophyll is absent since there is no 
photosynthesis takes place. 
36,5% of the responses did not give an 
e>:planation, and wer-e rather vague. 
adequate 
1. The stalks of the grass were under the shadow of 
the grass, so the sunlight was not available to 
the stalks. 
2 . The reason wa s that the grass was exposed to the 
slJnlight BTld water evaporates more easily in 
ae'- i al parts, whereas the stalks did not get 
sunlight for photosynthesis to take place due to 
shade of grass. 
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Since the st.alks have no chlor-ophyll 
photosynthesis cannot occur- and yellow colour-
indicates lack of chlorophyll. Since the stalk s 
are exposed to the s un, and chlorophyll is gained 
as they gr-ow photosynthesis occur-so 
One nDtices t.hat, although here and t.here the 
r-espondent.s in this categor-y mention some of the cor-r-ect 
aspects of photosynthesis, they get mixed up in the 
e>:planation. The pr-oblem of the langua ge may be playing 
a role in t.his inabilit.y to explain. 
Cat.egor-y 3 
The r-emaining 9% showed a complet.e lack of under-st.anding 
of the question and haw to respond to it, as is shown by 
the following examples. 
1. Gr-een plants ar-e fleshy but those . , i thout 
chlor-ophyll ar-e hard and woody, so t.hey cannot. be 
swallowed with ease by the animals. 
2. The grass as weeds obtain sunlight as well as 
nut.rient.s fr-om the soil. The stalks do not. get 
enough sunlight so t.hey lack nutr-ients fr-om t.he 
soil. 
3. The water- t.hat. usually comes from the gr-ound to 
the leaves t.hr-ough xylem vessels has been cut, now 
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water just evaporates and no photosynthesis taking 
place and no chlorophyll containing pigment s on 
the leaves. 
4. 1. • 2 \)ILLIUN 
All the respondents were aware that if the countryside 
was sprayed, and chlorophyll destroyed, photosynthesis 
would not take place. What differs was the extent to 
which the responses e)(plained the phenomenon. 
66,4% of the responses satisfactorily explained the 
relationship between chlorophyll, photosynthesis and the 
subsequent destruction of plants in the absence of 
chlorophyll . 
1. The chlorophyll in the plants enable them to 
manufacture their own food through the process of 
photos ynthesis. Without chlorophyll photosynthesis 
does not take place and the plants will ultimately 
die t)ecau s e they do not manufacture their own 
food. 
2. The plants will not manufacture food and they will 
die, since photosynthesis does not occur in the 
ab s ence of chlorophyll. 
The plant life will be denatured. No chlorophyll, 
no life in a plant. Plants will not be able to 
manuf a cture its food because no photosynthesis 
will take place . 
Orle r"esponse even went so far as to relate tt,is with how 
man and animals which depend on green plants would al s o 
di e , becau s e of lack of oxygen and accumtJ!ation of 
carbon dioxide. 
man and animals will suffer as they use 
oxygen which is produced by plants during 
photosynthesis. 
J 
So there will be little oxygen 
available and too much C02 is liberated during 
breathing by animals, but not used as plants are 
not capable of manufacturing their own food. 
Some of the remaining 33,6% of responses are rather 
confused in their explanations, as s hown by these 
examples:-
1. The chemical used will block the stomata which is 
essential for gas8ol1s exchange because of the 
layer accumulated. Carbon dioxide which is 
essential for photosynthesis will not perform its 
fur)ctiorlS. That de s troys the whole life of 
plant. 
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2. If the chlor13phyll is destroyed also the bacteria 
which thrive on the soil will stop their-
activities on the soil. Therefore the working of 
enzymes will stop. 
3. Photosynthes is cannot occur, plants would become 
yellow and die, those that do not depend on dead 
organic matter for food like saprophytes, will 
survi ve .. 
4. 1.:" r3RfJl~ TREE 
Apart. from the aspects mentioned a s the cnrrect 
responses, some of the respondents mentioned other 
aspects of plant growth, like secondary t.hickening as 
playing a role in the i ncrease in the t,-ee si2e. 
27,3'1.. of the Y"espondents gave a reasonably acceptable 
answer to the question. 
1. The plant absorbs wat.er and mineral salt.s. It 
gets from its SlJrrOllndings and is able to 
synthesize it.s own food, with the use of sunlight 
and chlorophyll. Food and water are transported 
by xylem and phloem t.o all parts of the plant. 
Cells then divide mitotically and give rise t.o a 
big tree. 
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2. Upon growth, the young plant manufactures its own 
food from its green leaves during photosynthesis 
which result in their growth in size and height. 
3 . The extra 250 kg that the tree gained were from 
the process of photosynthesis whereby food is 
manuf actured by the tree. A tree receives water , 
mineral 
25~ kg. 
salts, nutri e nts etc and made it to gain 
The other responses do not mention the role played by 
photosynthesis, blJt emphasise, the role of mitosis and 
absorption of nutrients from the soil . 
1 . The young tree absorbed water and mineral s alts 
from the soil. Mitosis occurred rapidly and the 
plant increased in width and height. 
2. The plant got its e>:tra 250 kg from the nutrients 
that are il' the soil, from water and sunlight. 
For a plant to get extra kilograms, fertile soil 
is essential. 
3. The extra 25~ kg comes from a tree since it gets 
mineral salts, water and food from the soil. 
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The ,-est relate the increase in wei \]ht t.o secondary 
thi. ckeni ng. No ment.ion i s made of phot.osynt.hesis and/or 
the lIse of carbon dioxide and water in the presence of 
chlm-ophyll. 
1. Cell division has occurred. Secondary t.hickening 
helped by lateral meris"tem and primary growth 
occur-red. 
2. For a plant. t.o grow bigger it. should undergo 
secondary thickening as a result of cambium and 
in t.he stem. Cambial rings will be 
formed and annual then t.he weight 
increases. 
The plant obt.ain s extra 250 kg through secondary 
t.hickeninq because phloem develops and t.hickens 
the tree, water and mineral salts strengthen the 
t,-ee. 
Two of the re s ponses showed a t.otal lack of 
underst.andinq of t.he question. 
1. As it grows it. becomes bigger and stronq and has 
more nutrierlts which make it stronger 5 0 t.his 
e}:tra 250 ~~g comes from its strongness, growth and 
bigness. 
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2. At first the growth was inhibi ted by other plants. 
After some time these short plants die and are 
decomposed then the tree gets more nutrients and 
grows rapidly. 
The diversity in t hese responses shows the following 
apparent misconceptions:-
• 
• 
• 
the plant gets its food from the soil and use s it 
to grow and increase in weight. 
Photosynthesis has nothing to do with the increase 
in weight of the plant. Food manufactured during 
photo s ynthesis is only stored for use by man a nd 
animals. This fact was established in subsequent 
discussions 
students. 
with the respondents and other 
The plants get their weight from mitosis and 
secondary thickeni ng without connecting these two 
processes with photosynthesis. 
These responses imply that the teachers should first fim 
out what the students understand about p lant nutrition, 
and try to correct any misconceptions. Then they can 
introduce new concepts which will link with the exist-
ing knowledge. 
The overall percentage of responses with scientifically 
accepted ideas on plant nutrition in this research seemed 
greater than that obtained by Bell (1984), as shown by 
the fo llowing table:-
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TABLE 4.1 COMPARISON BETWEEN BELL'S RESPONSES AND THOSE OF 
TRANSKEI STUDENT-TEACHERS 
1. Responses including all or some of the 
scientifically accepted ideas 
1.1 HAY TODAY 
1. 2 VILLAIN 
1.3 GROW TREE 
2. Responses that provide no indication of 
understanding of the concepts 
2.1 HAY TODAY 
2.2 VILLAIN 
2.3 GROW TREE 
Bell 
~k 
30 
3B 
38 
21 
19 
19 
Transkei 
',{, 
54,5 
66,4 
27,3 
9 
33,6 
5,2 
It nevertheless caused concern that student-teachers, in their 
last year of training, still showed such obvious misconceptions 
about plant growth. It becomes more so since this is one of the 
very few topics of biochemistry they chose as easiest to under-
stand. Moreover, whereas Bell's respondents were 15 year olds, 
the respondents in this research were on the average 20 year olds. 
4.2.3 FIND INGS OF THE STUDENTS' CONCEPT MAPS 
A concept map is defined by Malone and Dekker (1984) as a "de-
vice to enable either the student or the teacher to explicitly 
represent a number of concepts." 
The map which consists of concepts linked by propositions, demon-
strates the manner in which new knowledge has been integrated ill~ 
an existing knowledge structure. The insertion of propositions 
linking various concepts is a most important component in the use 
of this tool. since they (propositions) provide an indication of 
what understanding exists , and the depth of that understanding. 
The respondents to this concept-test had been exposed to the con-
cept-mapping skill at the beginning of their third year of study 
when the researcher started teaching them. At this stage of their 
training the student-teachers resisted any "new" skills the "new" 
lecturer introduced to them. This was observed more clearly when 
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they were compared with the way the first year student-
teacher s accepted the same skill and adopted it. Thi s 
attitude of the final-year students explains why their 
concept map s did not give much indication of their 
understanding of phc)tosyn"thesis. 
ThE? accepted concept maps should look 
following: --
which 
absorbs 
radiant 
enE"-gy 
fr-om 
Photosynthesis 
takes place 
in 
green plants 
which contain 
chlorophyll 
together 
~ji th 
from 
like the 
and 
Sun ai r" absor-bl-:?d by roots 
I I :j; 
resulting in 
J 
Synthe>sis of starch \ 
,J. 
give>n off into the air 
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R7"·:::0:::m ,"" 
'--C-h-l-O-'--O-P-h-Y-l-'l'; d Ufo i n 9 )r-\ --1-i-9-h-t--p-h-a-S-e-' 
becomes 
e,.,cited I ADP I +P ~ 
r-eleasing r combines ~_e __ l_e_c_t __ .-_o_n_S~~9~1~· ~V~i~n~g~~O~f~f~--7}\ ~ __ e_n_e __ .-_g_y~~ 
NADPH2 
(combi nes 
with 
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c31so breaks 
down 
air-
into 
During \Dark Phase 
/ I RDpl combi nes >\co2 i and I H21 fr-om INADPH?\ 
with 
~ 
to form which 
in t.he 
pres ence of 
energy~ ATPI whi. ch changes) I ADPI 
to 
chaf1<,;}es 
into 
NADP 
No t.wo concept. maps are the same, but it is possible to 
score concept maps. According to Stuart (1985) one way 
of scoring a concept map is to count the number of 
correctly u sed technical terms and to turn them into a 
percentage of the total number of terms in the concept 
map. Also, each correct relationship given along the 
connecting line should score a point. A number of 
criteria like hierarchy, branching and moving from 
general to specific are also considered. 
6 3 ,7% of the respondents to the concept test used the 
concept maps. Of these only 14,3% gave concept maps 
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contair1ing some linking words. An e)~ample of these is 
the following:-
GreIn. pI ants 
wIth 
presence 
in presence of radiant 
energy 
oxygen is liberated 
71,4% of the respondents have arranged their concepts 
and linked them in the following way:-
Radiant energy 
t 
greel pI ants 
chlorophyll 
carbon dioxide and ~water ____ ~> 
formatioJ of starch 
oxygen released 
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One notices that had there been linking vJor-ds between 
t.he concepts, t.he concept map would, at least give a 
rea sonable e Nplanation of photosyn t hes is. This i s more 
50 when compared wit.h t.he concept map of t.he t.hird group 
(14,3%) who s e concept map s are of the following nat.ure:-
Gr en plant.s 
Car n dioxide 
'j 
Wat.er 
1 R~I'~~~~oy 
I 
Starch 
Three cat.egories can be di s t.inguished from t.he students' 
responses:-
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ATP ~~--
L"1 ,h ... 
exclted electrons 
I \ 
ADP + iP 
Although there are no linking words, the concept map 
shows a relationship of the concepts, which indicates 
some understanding of the light phase. 
Li9h1 phase 
excited electrons 
\ 
ADP 
AL 
\ 
NADP 
\ 
The relationship between some concepts is not correct. 
Lighl phase 
ATP 
•• ""ed1.,0<,.00, 
L 
1 
Almost all responses to this test gave a vague map of 
the following nature:-
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Comment: 
Dark phase 
C"bJd;~;d. 
\ 
ATP 
1 
ADP 
On the whole, what becomes apparent from this, is that 
the respondents had not yet mastered the concept - mapping 
ski 11 as a tool they could use. These responses, when 
compared with those of the Bell concept tests do not 
reflect whether the students understand photosynthesis 
or not. 
Final Discussion 
The second 1 anguage tutoring and t.he .. ",. it ten 
examinations only Inay not give a fair reflection of the 
students' understanding. This has been shown by this 
concept test. Most of the respondents did not indicat.e 
that. t.hey underst.ood the relat.ionship of phot.osynthesis 
to ecology. Further probing by interview revealed that 
the students actually do relate these. 
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CHAF'TEF: 5 
FINDINGS AND F:ECOMMENDATIONS 
5.1 FINDINGS 
5 ~ 1 M 1 Int ... oduction 
This study has b ... ought to the fo ... e the fact that the 
poo ...... esult. in the biochemist ... y section of biology can 
be ... elated to the inadequate teaching of this section. 
It has also shown tt1at the college students have 
difficulty in thei ... college biology cla.se. because of a 
lack of a good science backg ... ound, an inability to think 
c ... itically, a negative or indiffe ... ent attitude to 
science and a lack of self-discipline and .tudy skills. 
These factor s we ... e also seen to affect college f ... eshmen 
whom Uno (1988) was teaching. 
5. t. 2 Teache .... · Qualifications 
Of the interviewed teachers/lecturers, 32'1.. at'"'e not 
qualified to teach biology at Standa ... d 10 level, and 28% 
a ... e not qualified teache ... . at all. (See Table 3.10, p. 
46) • In the whole T ... an.kei 48,2% of the biology 
teache ... s are not qualified to teach biology in Standard 
10. 
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As has been stated earlier on, some of the taachers did 
not study biochemistry in school, and may therefore have 
less scientific background than is required for teaching 
the present matric biology syllabus. The tendency 
·F accor-ding to HoAstein ~~ ~_!_ (1986), is t.hat the teachers 
like those are less flexible and more dependent on text 
books. 
5~1.3 students' and 
Although most of the students interviewed advocated that 
they like biology, this 'liking' was fOlJnd to be 
correlated wit.h their achievement in the 6ubject, rather 
actual interest in and commitment to the 
6ubject.. Many students also believe that biology in 
general, and biochemistry in particular, has nothing to 
do wit.h their lives. This negative at.tit.ude t.owards 
biochemistry affects both the choice of the subject to 
study and the mastery of the cont.ent . 
Hofsteln et al ( 1986) are of the opinion that the 
students ' perception of science is influenced by the 
foIIOl·,lng' --
* the image of the teacher and his or her behaviour. 
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* the cLtrricult~m implemented in the school. 
* the national Cliiture and current conditions. 
the teacher-preparation and continuing 
for the teacher-growth. 
These perceptions have often appeared in t.he st.udent.-
teachers' responses. Some of t.he interviewed student-
teacher s have 5~IDwn a lack of . confidence in t.he v~ay 
their teachers teach biochemistry. The f ai 1 uY-e o ·f the 
teachers to preser,t biochemistr-y in such a way that the 
student.s underst.and and appY-eciate it, has a ·ffected 
their attitude to it. 
The students also felt that biochemistry is made more 
abstract by being isolated from the ot.her aspects of 
biology and by not being applied to. ,-eal-1ife 
si tuati ons. Students should also be given a chance to 
synt~lesise basic content into some type of structure 
reflective of his or her per-sonal needs. Then biDlot]y 
and/or biochemistry will have a meaning to them. 
5.1.4 Lack of cbrr-el i:~t i on about the di ·fficult 
the student-teachers 
812) 
It was interesting to note that some of the topics that 
the biology teachers felt were difficult for the 
student s , 
teacher-s. 
were in fact rated easy by the student-
Photosynthesis, for example, was rated high in the list 
of difficult topics by the teachers. On the other hand 
the student-teacher s rated it as one of 
topics. 
the easiest 
A concept-test given to some of the student-teacher 
,,"espondents, thouqh, showed that most of them do not 
really understand photDsynt~le5i s as a pr"oces s . 
could narrate was a definition of the proces s, 
All the>y 
without 
actually understandirlg W~lat it involves, and its role in 
ecology. 
The biology teachers cou ld have noticed these s hort-
comings in the stL.ldE.~nts ' understanding of 
photosynthesis, for them to rate it high in the> li s t of 
difficult topics. 
The researcher wa s concerned to learn that most of the 
interviewed biology teachers (both high school and 
college) , were under the> impression that biochemi stry 
embraces only the biological compounds and the nucleic 
acids. If the teachers have this narrow understanding 
about vJhat is covered in biochemistry, then it is 
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possible for them to transfer it to the students and the 
student-teachers. 
ReaSOfl S for the s tudents' 
Both the teachers and the student-teachers felt that the 
difficulty in llnderstanding most of the biochemistry 
concepts is cBLlsed by a lack in chemistry backgr-ound. 
Coupled with this is the lack of facilities for doing 
pract.ical work whi ch would help even those with 1 ess 
background in chemistry. 
In the past five year-s t~lere has been a rapid 
of high schools in Transkei and 
con s eqLlently a high rise in enrolment. Science-teacher 
production, though, has nDt y-isen concDmiti3ntly. Tt1:is 
has forced t~te5e sc hool s to employ Llnqualified science 
teacher-s .. - Under these circlJmstances science teachel~s 
are included to e mploy the 1. ecture met.hod, rat.her than the 
methods involving student-material interac ·ti Dns .. Thi s 
also results in ineffective teaching of biology, which, 
in results in the student s ' negati ve at.titude 
towards the subject . 
In an at.tempt. t.o verify t.he claim by t.he respondents 
that the pupils in the junior secondary schools do not 
receive appropriat.e chemi s t.ry background, the researcher 
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got access to Standard 7 e xterna l scripts gen(~r-a l 
sl:ience~ Thi s paper combines qlJ9stions biology, 
chemistl-Y and physics. The s cripts were chosen randomly 
from as many d if ·F e'-'2nt e}~ ami nati on t.oJas 
pDssi b 1 E~. The main focu s was on t~le mar-~(s ob"tained by 
the candidates in the tt,ree questions on chf?mistr-y, 
cc.lmpar-ed with the overall mar~' s obtained for t~le whole 
Al together 80 sets of mar~:s were used. "Ii t h 
these raw scores , t~le res ear c her attempted to find the 
corr-c~l at i on bet"'Jeen the student s ' pf-:?rformiance 
in chemi s try and the other s ection of the paper. FOI" 
t~le scores a rld the tables s ee appendi)~ III. 
The Pear sons , PrOdlJct moment correlation coefficient (r) 
is, accon1i ng to Behr (1983), the most "Ji del y Llsed 
me thod for getting both the direction and th e s trength 
of a correlation . By using the formula 
o ~ ~ ~ {[NEH k - (Ex)~J[NEy~- (Ey)~J} 
the product-moment correlation co- efficient r = 0,74. 
Ca l c lJlating the standard error, SEr using the -Formula 
B3 
BEr- :;;:; 1 --
_ . (2), fiJ S 
2 r-
We can ther-efor-e either ti e 95% s ure that the population 
- r" lies between 0,74 ± 2 (0,~5 ); which is between ~, 64 
and ~,84; or- be 99,7% SLlt,Oe that j t. 1 i es bett.--leen ~ , 74 ± 
2.(~,1I)5) , ~.oJh t c h is bE-2t\<"J(~en (Z) ,~:)9 and li.1,fl9. Even the 
1 m'Ie s t of these four e>! t. t'" emes , namely 0, ~:;9 i s 
significant at 0,01 level. 
Th i s means that ther e i s a s trong positive relation s h i p 
b e tween t.he chemi ~try scores and the "other" s cores . I f 
a candidate' s 'other' s core i s high then hi s chemistr' y 
score is very likely al s o to be relatively higt,. 
A t -t e s t of s ignific a nce of differ e nce betwee n me an s , 
calculated u s ing the for/nula 
t . :;;:; ~: d 
-----------------_._----
J N--- i 
yields a va lue of t = 11,9. From this the c onclusion is 
that the difference between the means (4 1, 62% for 
"other-II and 28 , ~~9 /.. for" chemi str-y scores) is 
highly signif icant. Thi s is concluded with a confidence 
that is greater than 99,9% . 
This can be interpreted as follows:-
The candidates have achieved higher scores for 
sections than for the chemi s try section, but that the 
chem:i st,-y scores have followed the same trend as the 
" o ther- 1I scores at di fferent 1 evel . 
Candidat.es who have done well in t~le "other'l section 
have also done VoJel1 in "chemistr"y ll relative to t.heir 
peers. 
A simplist.ic illustration of this i s as follows:-
"ot.her· 11 r"es 
Score 
chemist.ry SCOt""'E S 
Candidates in merit order 
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5. 1.6 
Teachers suggested a need for an improvement in the 
teaching st.rateuies when pres entinu bi ochemi str·y ~ 
Because of its natur~ e, and the 'students ' attitude 
towards it, biochemistry cannot be t a uuht like the other 
less abstract sections of biology. Less qualified 
teachers s~)oLlld be offered more opportunities to attend 
in - service courses. 
5.2 Recommendation s 
Fr-om t.he above findings, the r-es ear-cher has some 
recommendations to make, as an attempt to improve the 
teaching of biochemistr'y in Transkei schools. 
5.2. 1 
The Teachers' Role 
The challenue facing all science teachers today is the 
organisation of instruction in such a way as to 
facilitate learning for the majority of student.s. In 
situations where facilities are limited and classes are 
teachers tend t.o use lec ture method, in which the 
teacheF's and studE'nts interact through talking and 
f36 
writing on the chalkboard. 
schools . 
This is the case in Transkei 
Okebukola and Ogunniyi (1986) found out that, cont rary 
to the belief that Afric an students "can only thrive in 
an autocratic environment", the African child can give 
full expression of his talent if the teacher exerts more 
of the indirect verbal influence, especially in science 
classes. The teacher should make an effort, therefore, 
to develop a classroom climate in which the students 
feel free to ask questions and state opinions in order 
to increase their understanding of the learning task . 
Science involves question asking, curiosity and 
development of a searching mind. 
It is important that teachers are confident in their 
understanding of concepts they are to teach. They can 
then contribute to the improvement of the teaching of 
biology. Their awareness of the students' 
misconcep tions could contribute to the improvement of 
both their teaching and student understanding. In order to 
improve their teaching, teachers need to be encouraged to 
use teaching strategies which research findings have shown 
to be effective. These strategies place an emphasis on the 
active involvement of the student in his own learning. Ex-
amples of th ese strategies include the use and development 
of concept maps and the construction and use of work sheets. 
Teachers can be exposed to new or alternative teaching stra-
tegies by attending in-service courses, workshops, confer-
ences and conventions. The Transkie college lecturers, in 
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part i cuI 21.1'", should be encouraged to attend these, in 
order· t hat they can implement these "new" teaching 
strategies in the education of the student - teachers. 
Alter-nat.iv£-? t.eaching strat.egies do not. neces s arily 
always I'"equir-e "facilities"~ A start could be made by 
using s imple str-ategi e s . A p r act.ical way t.o t.eac h 
st.udents how to think about concept s suggested by 
DantDnio ( 1987> involves a lesson by 
stimulating a di s cussion. A conceptual discus s ion, 
according to him is a: 
continlAOLl 5 focussed inter"action among lear"ner-s 
abolAt a concept. ConceptlAal disC lJS sion s provide 
oppor-tunities for studerlts to process infor"mation 
for themselves to reinforce previous ly - learrled 
fact s , to s hare common experien c es and to clarify 
and de~perl their understanding of science 
concepts. 
Dant.onio (19871. p 46. 
The teacher should, t.herefore, facilit.ate such concrete 
discus sions by guiding t.he s t.udent.s to appreciat.e the 
critical characteristic s of the concept, by asking 
appropr i at.e foil DOl - UP ques ti on s .. This apP,' oachl 
does however" , require an adequat.e 
understanding of t.he t.opic on the part. of the teacher. 
In Transkei, t.his could be a problem for t.eachers olho 
are under- or unqualified. 
It is not sufficient for t.he teacher to identi ·fy 
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misconceptions held by students, they must also have the 
strategies to help students develop the scientifically 
acceptable conception. Lawson (1988) is of the opinion 
that for students to overcome prior misconceptions, they 
must become aware of the scientific conceptions as well 
as their own alternative conceptions. They must be able 
to logically see how the evidence supports the 
scientific conceptions and contradicts the misconception, 
In addition, the teachers and college lecturers should en-
courage students and teacher-trainees to construct models. 
An example is the model of a DNA molecule, to demonstrate 
the structure of DNA, its replication, transcription and 
protein synthesis. Models, when used as . teaching 
aids, help students to understand processes where they 
must assume the existence of some property or mechanism 
that cannot be directly verified by experiment. 
(Schrader, 1985). 
5.2 . 2 . Language 
Strevens (1976) identifies the following assumptions 
made in the practice of science education :-
• the learner is a member of the same culture as 
those within which the studies of science 
education were prepared. 
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the t.eache .. and lear-ner have as their common 
mother tongue the language in which the science i5 
being taught. 
Tr"an s kei an thes e a s sumptions lead t.o 
shor-tcomi ngs in the learning and teaching of sci ence, 
s ince science is taught in Engli s h, which in most cases 
is not a mothe .. tongue of eithe .. the teache .. t.he 
:=.C i ence Rarely ar-e t~le learners taught by a 
science teache .. whose mothe .. tongue is Engli . h. 
A majo .. p .. oblem is t.he level of comp e t.ence in English of 
both the t.eache .. s and the pupils. In nlany cases English 
is u s ed 
teaching 
pupils' 
as a medium of 
situation, and 
eve .. yday Ii f e. 
communication 
does not fo .. m 
(·\5 a .. esult. 
opportunities to practise or 
language skills. 
e}~ t.end 
anI y in the 
pa .. t of the 
they get no 
thei .. English 
Colleges of education do recognise the problem and 
enCDUI'sge student···t eachers to study the Eng Ii <5h 
communication skills throughout the three yea .. s of 
teacher~training. The ea .... yove .. of these skills, 
!lat.-lever, in the learning and teaching of science, i 5., 
limited. Students have clifHculty 
expres sing th e science concept s in English. 
Expatriate recruitment into Transkei to help with 
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science teaching tlas not made the situation any better_ 
Some of these teachers ha ve limited English ability and 
an unfamiliar accent which the students have to get used 
to. Deficient English ability, according to Wong 
(1985), handicaps meanirlgful learning for students, and 
effective teaching by the teacher. 
The problems of teaching and learning science in a 
foreign l a nguage is wor s ened by the fact that there is a 
lack in the learner's langlJage of words equivalent to 
t~le English scierlce words. This poses difficulties for 
the l earners , since they cannot appeal to translation 
into their mother tongue for the resolution of doubt. 
If the science subject is taught by an English-speaking 
teacher, he must watch for the unwitting presence in his 
teaching of ideas which may be baffling to the learners, 
although self-evident to him. 
In the colleges of education a solution to this could be 
the teaching of English for science, where special 
emphasis is placed on the English needed to e)(press ar,d 
explain science concepts. Not only is there a need to 
understand the role of language in developing science 
concepts, but also to recognise the confusion that the 
use of certain te~ms can have where the scientific and 
everyday usage may be different. 
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The biology syllabus seems to be overloaded and to place 
considerable emphasis on words, terms or definitions as 
a 'principal ingredient of the science that a student 
enCDunterws and that he i s eNpected t.o master. This 
emphasis may separate concepts from their meaning, ar,d 
caLIse students to memorise the sLtbject mat ter 
grasping the underlying concepts. To this problem, 
LoJan der see (1985) sugges t s that the teachers should t.r"y 
to teach without overloading the student's conce~)tual 
framewor-ks with unrelated information. Details that are 
irlessential for the linder-standing of general principles 
should be omitted. Howevel'"' , additional relevant 
infol'"'mation may greatly assist in the understanding of 
science concepts. 
When one considers t.he st.udent.s' difficulties in 
under"standi ng t.he concepts, like in t.he role of 
P~lotosyr'the5is for instance, the language Ltsed and the 
fact that it is tallght by unqualified teachers in most 
cases, one wonders if the biology syllabus should not be 
shortened. Fewer" topics should be included in t.he 
syllabus, in the hope that they will be st.udied with 
understanding. 
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5.2.4 
School teNt books playa very important role in the 
teaching of biology in the schools. For most of the 
less-qualified biology teachers the text book becomes 
their main teachirlg resource. 
Cliburn (1987) an anatomy and physiology teacher wanted 
to choose the best text book that would benefit his 
students most. In the end his choice was comprofnise, 
because of the lack of alternatives. No text book was 
much different from its competitors when he judged them 
against the factors he used dlJring review and selection. 
The currently available text book s for Transkei biology 
teachers present the same problems as described above. 
Because of the race by publishers to get books in the 
market, and the panic by the teachers caused by a change 
in the syllabus, the books have both printing errors and 
factual mistakes. 
A look through some of the popularly used texts reveals 
that they either delve too deeply into the topics, which 
could confuse students and unqualified teachers or they 
take a lot for granted and therefore are too superficial 
in their explanation of the concepts. From this, it. is 
evident that the teNt books do not accurately guide the 
teachers. It is almost. as t.hough three things are 
necessary, namely: 
an expanded guide for the interpretation of t.he 
syllabus to be produced by t.he Department of 
Educi:\t-.i on. 
a choice of competent and accurate text books for 
the students. 
a teacher- '5 ver'sion 
suggests practical 
sheets. 
of 
work, 
the text book which 
eNercises, and work 
This is the pattern in many text books from oversea s . 
The Transkei Department of Education recommends a list 
of text books, through subject committ.ees. Teachers are 
then supposed to choose text books from the recommended 
lists. The problem here is that. teachers have lit.t.le 
expertise in the criteria to be used in the selection of 
t.e,·, t. books. The problem i s great.ly i ncr-eased vJhen 
select.ion is t.o be done by an unqualified teacher. The 
t.endency 
st.udents. 
is t.hen t.o choose t.ext. books t.hey had used 
McInerney (1986) suggest.s t.hat. t.eachers 
as 
mu s t 
show a willingness to accept. a change in t.ext. books t.hat. 
will concentrate on major concept i nqLti ry, and on 
in s tl"'Ltct.ion t.hat will illust.rat.e personal and SDC i al 
implications of science. 
94 
In Transkei colleges at present, the content of the 
teacher tr"aining course is based on the Standards 8, 9 
and 1~ biology syllabus. The lecturers and stUdents 
therefore 
researcher 
use the same school text book s . The 
feel s that the college texts should stress 
concepts and processes to encourage college lecturer s to 
modify their teact,ing s trategies, and thus start the 
prospective biology teachers on a path of thinking, 
investigating and understanding. It is to be hoped that 
the teachers' confidence in usir)g a variety of teaching 
techniques or strategies CDllld lead to a call for 
alternative and more appropriate text books . 
In colleges of education, lectllrers are responsible for 
producing a new generatior) of biology teachers who are 
trained in methods and concepts of science. College 
text books s hould not be encyclopaedic, les t some 
ambitiollS s tudents s hould attempt to memorise the mass 
of information to prepare for the examination that 
rewards memorisation. (Wivagg, 1987). 
It i s recommended that an elementary text book for the 
UniverSity Biology Course One, could be used in the last 
year of the teacher training course. It must cover most 
of the work that the prospective teactler will be 
teaching, but at the s ame time put him at a leve l above 
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that of the pupils he will be t eac hing. P .... ospective 
biology teachers mlJst also be trained to evaluate te>:t 
books prop er ly so that they ca rl make appropriate c hoices 
to meet t he needs of their pupils . This may be 
difficult s ince teachel~5 need some teaching experience 
before being able to do this effectively, and may need 
to attend a n in -ser vice course. 
Idea lly, the student-teachers who majo r in 
biology s hould be thbse who are knowledgeable o f seni or 
secondar-y biolo'lY· In reality the biology maj DI'" 
students have passed with a 0 on average. The role of a 
college of education i s three- fold. S tudent -teachers 
have to be taught biology content, teaching strategies 
and approaches and to build their self-confidence, to 
enable them to teach pupils in the c lassroom. 
The college lectlJrers stlDuld work toward s developing 
good study habits in the student-teachers. Uno (1988) 
SlJggests that students need to be trained to recogni s e 
is i mport.ant to 1 earn and how to 1 e arn it. 
Examinations should test the students' ability to u s e 
critical t.hinking skills. St.udents reql.li,..-e the 
under st. anding of the concepts rat.her t.han just t.he 
recognition of facts. 
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Rather- than copying notes, college students should be 
e n cour-aged to get information for themselVEs, 'na~ce the 
notes focusirlg on icjea s , putting lecturers' rlotes into 
thei r O\l'Jn wor-ds. They should also write down quest.ions 
they may have about the lectures . 
Uno ( 1988) advocates self - discipline in the colll?gl? 
students, sincl? through it thl? studl?nts learn to pace 
t.hl?i r- studying so that they do not have to cram for 
eN~minations. Lecturers should give students cumulativl? 
e>:aminations that require application of new concepts to 
previously-learrlHej irlformaticJn. 
In thl? light of this study, colleges of education should 
focus on the "introduction of practical work, and use of 
tl?aching strategies which will i mpr-ove the studl?nt-
teactler"s ' confidence. 
5.2.6 
Biology, as a stJbject, in the curricuillm, is changing 
more rapidly than ever. 
to teach modern biology. 
should attend ~jQrkshop 
It requires a constant effort 
A professional biology tl?char 
meetings, and belong to 
organisations that promotl? biology education . He or- shl? 
should often be working toward s an advancl?d dl?grel? In 
Transkei, most of the biology teacher s studying tOv-Jar-cls 
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dF.:~gree are net studying biology, so they ar-e not 
upgrading thr~i r- knowl F!c.:IJ;.~e in the s ubject. The 
University of Transkei does not offer part--ti me 
s tudyirlg of the science subjects. The situation is made 
even mDr-F.? cri t.i cal because teachers have 
difficulties in otltaining stLldy leave with pay. 
Teachers ShOLd d attend in-service courses to keep 
the new topics ttlat are added t.o the 
syllabus. In - service courses can be used to er,hance ttle 
use of alternative teachin~ strateg i es . Ideally ther-e 
should be a feedback on a suggested technique so as to 
try to res olve any problems t.hat. might be encountered by 
teachers. In reality, this i s difficult to achieve, 
since new teachers attend the courses every year. 
It is strongly recommended that college lecturers be 
allowed to attend in -service courses, seminars and 
workshops in order to improve their teaching of biology. 
5.3 ConclusiDn 
The aim of this st.udy was to id en tify the problems in 
tt18 teaching and learning of biochelnistry, and the areas 
of biochemistry which the s tudents find particularly 
difficult to undel'stano. and . to some extent, the study \.-Jas 
able to produce some results in t~lis regard. 
'i8 
An interesting finding was the conflict between 
responses of the teachers/lecturers and those of 
student-teacher s about ttle areas of biochemi s try 
the 
the 
that 
students find difficult to understand. The student-
teacher s regarded photosynthesis as a concept that i s 
easy to understand, whereas the teachers/lecturers felt 
that 
well . 
studerlts do riot understand photosynttlesis very 
The finding s of the concept-test on photosyrlthesis, 
though, seemed to favour the teacher-sO opinion. Quite a 
number of the respondents showed very poor 
llnderstandirl9 of tt,e concept. 
The situation in the schools with regard to the lack of 
facilities, students being taught by under- or 
unqualified teachers and the language problems was found 
to contribute to the poor teaching of biochemistry. 
The situation in the schools and colleges cannot change 
Adoption of some of the new teaching overnight . 
strategies which do not necessar-ily need the u s e of 
laboratory equipment, cOlJld improve the sitllation. 
99 
REFERENCES 
1. Arnaudin; M W, Mintzes; J J, Dunn; C S and Shafer; 
T H, November (1984), Concept Mapping in College 
Science Teac~ling, Journal of Sci ence 
14 (2) 11 7- 121. 
the Human Butter.JDrt.hs, Durban/ 
Pretoria. 
Bell; £I, (1984), Aspect.s of Secondary ~;tlJderJts' 
Understanding of Plant Nutrition: SUffilnar"y Repor 't, 
Universit.y of Leeds, Children's Learning in 
Sci ence F'rDject. 
4. Bigge; M L, ( 1982) , Theor-ies for-
:!:e~::!,~r~, 4t.h Edit.ion, Ha'-per and Row, Ne.J York. 
Bl'"llOlby; M, (1982), St.udents· Perception of t.he 
Con cep t of Li -fe, Science 66 (4) , 613-
622. 
6. BrLtmby; M, (198::';), Concept Mapping structure/ 
Process, Research 1.:3, 9--- \7. 
7. Cl i bu,-n; J W, 1987, Review 10 College Anat.omy 
and Physiology Text Books, American 
8.. Dantonio; I'll, (198'7), Develop Concepts, Fiuestion by 
Question, The Science 54(5), 46-49. 
9. Dr-iver-; R, and Bell ; B, 1986, Students' Thinkinq 
and the Learning of Science: A Constructivist 
View, School 67 (:,24(;,) 44::'~ -· 455. 
111l. Dr- i ver" ; R, and Erickson; G, 1983, Theories-in-
Action.: Some Tt-leoretical and Empirical Issues in 
the Study of Students' Conceptual Fr" n me\o'Jor k 5 1. n 
11. Feld s ine: J,E, Jr, 1987, Distinguishing student 
misconceptions fr-om alter-nate concer_itua l 
fr-ameworks thr-ough the constr-uction of concept 
maps, 
Second International Sefllinar, Jllly 26 - 29 1987) , 
J.D. Novak Ed., Ithaca, Cor-nell Univer-sity. 
12 .. Gaz i; W S, 1982, An Investigation into Factor-s 
that Contribute to the High Failure Rate in 
Standar-d 8 History EMaminations, Uni ver-si ty c,f 
Tran s kei, Umtata. 
11111 
13. Gazi; w ~), 1985, A Critica l Analysis of ttle 
Perfor-mance of Candidates in the Senior 
Certificate Examinations of the Department of 
Education During the Period 1981-1984, Uni vel"si t. y 
of Tr-an s ke i, IJmt a ta. 
14. Gilbert; J K and Watts; D M, Concepts, 
t-H sCCincept ions and Alternat.ive Conceptions; 
Changing Perspectives in Science Education; 
Studi 0" 5 10, 61 - 98. 
Griffiths; A K and Grant; B A C, 1985, High School 
Studen·ts' Under-standing o·f Food Web!5-; 
Identification of a Learning Hierarchy and Related 
MisconceptiDns, Journal of Research in Science 
16. Hofstein; A, Schertz; Z and Yager; R E, 1986, What 
Students s~y about Science Teaching, Science 
Teachers and Science Classes in Israel and U.S., 
Science <70 ) 1, 21-30. 
17. Lawson; A E, 1988, A Better Way to Teach Biology, 
102 
18. ~lagazi. ; C S, 1982, An Inves tigation into the 
Factors Contributing to the Higtl Failur~ Rate c),f 
Tr a n s kei Senior Certificate in Engli s h, University 
of Trarlskei, Umtata. 
19. Malone; J and Dekkers; J, 1984, The Concept ~lap as 
20. 
2 1. 
~r . 
..::...::. " 
23. 
an Aid to In str lJction in Sci e nce and Mathematics, 
Sch oD I Sci E~nce 84(3), 220-231. 
Mar ek ; E A, 1986, Underst andings and 
Mi sunderstandings of Biol o gy Concepts, Amer i can 
~1c I ner ney; J D, 1986, Biology Text Books - Who s e 
Busines s ?, 
412)12). 
~1i n strel l ; J, 1983 , Getting the Facts Straight , 
50 ( .1) 52···54 . 
Novak; 
Cambridge University Press, London. 
24. Nova k; J D, et ai, 1980, Handbook for the Learnir'g 
.,~ 
..:... .. .1 • 
of How to Learn Program . Unpublished 11onlJgrap h, 
Cornell Uni ver sity. 
Okebukola; P A, and Ogunniyi; M B, 1986, The 
1(2) 3 
Effect s of Teachers' Verbal Exposition on the 
Studf:.?nt s ' Level of Class Participation and 
7l~(l), 
45--49. 
26~ Osborne; R, and Wittr·ock; M, 1985, The Generative 
Learning Model and its Impli cations for Science 
Education, St.Lld i es in Sc i ence 12, 59-
87. 
27. ()stald; R , and Hc3ury; D L, 1984, Concept.ua l 
Understanding of Students, Science 
68 (3), 219. 
28 . Dok~Jeni ; F' , 1983, Investigation into thE! 
Factors that Contribute to the High Failure Rate 
in Standard 7 Math ematics in l· rarls~~ei, University 
of Transkei , Umtata. 
29 . Schrader; C L, 1985, I'm a IYlodel Teacher, The 
30 . Simpson; M, and ,c)rnold; B, (1.982), Availability of 
Prerequisite Concepts for Learning Biology at 
Cer·tificate L..eve 1 , of 
104 
31 " Stavy- Vehudit; S R, 1988, Students' Under- s tanding 
of Phot.os ynthesis, 
50 (4), 21 1 -<.2 1 2 " 
32. Stepan s ; J, 1985, Biology in Elementary Schoo l s 
Children's Conceptions of Life; American 
St.revens; P, 1976 , The Problems of Learning and 
Teaching Science Through a Foreign Language, 
Studies Vol. 3, 55~-68" 
34. Stuart; H A, 1985, Should Concept Maps be Scored 
Numerically? Journal f:3c i enc:e 
35. Uno; G E, 1988, Teaching Col l ege and College-Bound 
213. 
Wandersee; J, 1985, Are There Too Many Terms to 
Learn in Bi 01 ogy", (4mer i can 
47 (6) , · 346--347. 
37. Wivagg; D, 1987, High School Biology Text Books 
and College Biology Teaching; American 
Te",ch..!":..'::., (Edi tori al), 49 (2), 71. 
105 
38~ vJong; o K, 1985, Teaching Biology to Limited 
English Profici ent St udent s, Amel'-i can 
:'3 adlE?.c. , 47 (8), 473--4 75. 
F: E, 1986 , vJhat is Wrong with Sc ho o l 
111)6 
~ " '1' . T~: T 
.... ._._- ,--
II \2UL, ,, ".IUNN,d. ta:. 'l'u ill ', i\1!~!.INc,lTL.RUJ TU TilE. CmlPU;:l'ING BIOLOGY 
STlIllLNTS IN nil'. S LCONll,lIlY 'l'h\CIIU(S DI1'LliHA (STill 
,---'-- ------ --_. __ ._------,------,-----
This qUf'stioIIlHI1.J 'e is an attempt to ·id ent.ify t.hf' al'eas 'in 
the biochf'mistr'y sectjoll of biology ",th :ich .st.ud, ... ·ut.s find 
part; iClllill'ly dLf r iellt t, YUH a)'e thepet'ol't: asked 1~ o be fpee 
and fl'auk in yrnu' allH\\)( .'[' S .. Ynu .11·'e asked not lo d ·~scuss 
the qllE:stjollnal.J ·e before ttllswel'ing il. AllY infol'rnation you 
gi.ve wi ll be tr'eaLed as conI' i,JenL i aI, 
The fol.lo'Ving -i.s the l.isL of hiochemi.str'y t.opics "" laid 
dOlm hy t .h" new syt.l"blls, 
1. Chemical cnmposi,tion ur ppotop .luslU 
2. Relavant. functions of \ .... a ·Ler' and prot,eins 
:1 . Nucleic acids 
4· Pl'ot(~in synthesis and g;ene lHutation 
~ 5. B.iolog;.jcal compounds and nutri t!nts - Wa "tf'r, macI'O -
and m-icr'onutr'ient~s, org;uljc rompo\\t\ds - C~ll'bohyd(,::ltes, 
ljpids, proteins, v .itandllS 
·-6. bnzymes and co-enzymes 
'7. Photosynthesis 
H. Celllrlar' r'£'spir'at:ion 
9. Cilemica 1 processes 0 J' digest i.on 
SLCTION A 
GLN.(·.[{i\L fNFORHATION 
1. Name of' th" College: ...... .......... .. . .. .. ..... ... .... 
2 • Age of student: 
3. Sex: 
4. Symbol obtained in SL,n<la,--ci III !linlngy : 
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2. 
3 . 
o , 
• •••••••••• 4 ••••••••••••••••••••••••••••••••••••••• 
· ... ..................... ... ........ ..... ........ . . 
14. What, do you ~hillk , nlakes the 3 areas above difficult to 
under'stand? 
, 
....... . ....... . ....... . .................. .. . .. . ........ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
1 S. Give 3 pORsibJe reasons why biocbemistry tends to be 
more difficult to understand than the other sections 
of biology: 
1-
2. 
3 . 
• .................. ~ 0· ••• '.' ••••••••••••••••• ••••• •••• 
· . . . . . . . . . . . . . . . . . ................................ . 
16. Suggest 3 ways that can help students to understand 
bioch e mistry. 
1-
2. 
3. 
· .. ..... ... . ..... , ..... .................. ......... . 
THANK YOU. 
A QU~STIONNAIR~ TO 
S~NIOR C~RTIFICAT~ 
TH~ T~ACH~RS/L~CTUR~RS OF BIOLOGY IN TII~ 
AND/OR S~CONDARY T~ACII~RS DIPLOMA 
This questionnaire is an attempt to identify the students' 
problem areas in the biochemistry section of the mat ric 
biology syllabus. Your help as a biology teacher is humbly 
requested. The information you give will be treated as 
confidential. So, feel free to answer frankly and honestly. 
The following is a list of biochemistry topics as laid down 
by the new syllabus: 
1. Chemical composition of protoplasm 
2. Relevant functions of water and proteins 
3. Nucleic acids 
4. Protein synthesis and gene mutation 
5. Biological compounds, e.g. carbohydrates, lipids, 
proteins and vitamins 
6. ~nzymes and co-enzymes 
7. Photosynthesis 
8. Cellular respiration 
9. Chemical processes of digestion. 
S~CTlON A 
G~N~RAL INFORMATION 
1. Name of School/College: ................................ 
2. Teacher's Qualifications 
2.1 Academic: ............................................. 
2.2 Professional: •••....••..•.....•...•................... 
3. Highest standard in which biology was passed: 
4. Teaching ~xperience in Years 0 - 5 
5 - 10 
10 - 15 
More than 15 
5. ~xperience as a biology teacher in years: 
0 5 
5 - 10 
10 - 15 
~Iore than 15 
- 2 -
6. Are you involved in t he marking of biology, either 
in standard 10 or in the college? 
I ns I NO 
Sf-eTlON B 
7. Have you attended any inservice courses for biology 
that deal with biochemistry? 
YloS NO 
8. If your answer in 7 is YES, did you find the course 
helpful? 
YES NO 
9. If your answer in 7 is NO, what is the reason? 
..... .. ................ .... .. ...... ...................... .... .... .. .. .. ........................................ 
10. Do you feel adequately qualified to teach biochemistry? 
I ns I NO 
11. If not, why not:? .. ........................................................................ .. 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
12. Do you feel that there is too much biochemistry in the 
biology syllabus? 
YES NO 
13. If YES, what suggestion do you have to solve this? 
.............................................................................................................. 
14. Do you find it possible to perform most of the experi-
ments in biochemistry? 
YES . NO 
15. If not, what are the reasons? 
1. 
2. 
3. 
.................................... .... ...... .. ................................ .. .................... 
.. .. .. ...................................... .. ...................................................... .. 
.. ........................................................ .. ........................ .. ...... .. ...... .. 
16. Why do students perform as badly in biochemistry as they 
do? 
1. 
Give 3 reasons 
.. .. ........................................................ .. ..... . .. 111>0 ........ .. ...... .... .. 
2. 
3. 
- 3 -
17. Identify any 3 areas in biochemistry in which you find 
students particularly poor. 
1 • • ...••.•••.•••••.•••...••.•..•••.•••• • •.....•...• •• 
2. 
3. 
· .............. . . " ................................. . 
18. Identify any 3 areas which, in your opinion, students 
find easier to understand. 
1. 
2. 
3. 
19. Suggest 3 ways in which the students' performance in 
biochemistry can be improved. 
1. 
2. 
3. 
· ................................................. . 
· .... ............................................. . 
· .............................................. ... . 
THANK YOU. 
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Can you please answer the following questions: 
Question 1 Hay-today 
A farmer cut his meadow for hay (feeding grass). 
He noticed . that the grass he cut was green, but 
the stalks left were yellow . 
How do you explain this? 
· .... . .............. . ....... .... .. ............ . . 
' ............ .. .... .............. .... ........... . . 
· ................ . ....................... ....... . 
· . ..... .. ........... . .. ........ . ......... ... ... . 
· ....... . ............. .. .. . . . ........ . ......... . .. . 
Question 2 Villain 
In a science fiction book, a villain (wrong-doer) 
threatens to spray the countryside with a cllemical 
that destroys chlorophyll (the green substance in 
plants) 
~hat effect will tl,is have on plant life? lxplain 
your answer as fully as you can. 
· .. .... .. . ....... .............. .. ............ .... . 
.. .. 
.. . _.' - '-' ~ ~ . . . ..... '. 
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.. ( . 
.' 
· .................................................................................. .. .. .. .. .. 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. . .. .. .. .. . .. . . .. .. .. . 
.. . . . .. .. . .. . . . .. .. .. . . .. . . .. .. . . .. .. .. . . .. .. . .. . . . . . .. . .. .. . . . .. . . 
· .................................................................... . 
.. . . .. .. .. . .. .. . . .. . .. .. .. .. .. . .. .. . .. . .. .. .. .. .. . . . .. . .. . . .. .. . .. .. . . .. . . 
Question 3 Grow Tree 
I 
I 
, 
). . .. 
---~- -- ~.&~~~~~-
A small tree is 
_ T~. 
planted in a meadow. After 20 years 
it has grown into a big tree, weighing 250 kg more 
than when it was planted. 
Where do the extra 250 kg come from? Explain your 
answer as fully as you can. 
· .......................................... . ................................. .. 
· ............................................................................... . . 
......... . ..................................................................... 
.. .. .. .. . . .. .. .. .. . .. .. .. .. .. .. .. .. .. .. . . .. . .. .. . . .. . .. .. .. .. .. .. .. .. .. .. .. . .. .. .. .. .. 
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Ttft: t=o~Wi/Yt; eoNCF?TS 
. THA7 "t-OU Uf'/1>e-RS'TArvj) fMJw (ilH7 CC-"vCi"PT.S CAN,e.,-
J.JrlK~.l>. ('You CArY ALSo -L../Nk. r7-I€ e..t/NCe-~ /;-y' /? 
Cor1ern /h/J?,) 
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Biochem.Biochem. "Other" "Other il 
Total Percent Total Per-cent 
55 100 
10 l.8.18 
(I 0.00 
4 7.27 
10 18.18 
6 10.91 
7 12.73 
10 18.18 
11 20.00 
7 12.73 
12 21. 82 
7 12.73 
11 20. (10 
12 21.82 
2 3.64 
10 18.18 
14 25.45 
8 14.55 
3 5.45 
10 18.18 
15 27.27 
18 32.73 
9 16.36 
11 20.00 
6 10.91 
15 27.27 
16 29.09 
10 18.18 
13 23.64 
7 12.73 
11 20.00 
17 30.91 
15 27.27 
17 30.91 
22 40.00 
1.2 21. 82 
22 40.00 
9 16.36 
15 27.27 
12 21. 82 
11 20.00 
10 18.18 
8 14.55 
22 40.00 
15 27.2 r 
12 21.82 
19 34.55 
11, 29.09 
15 27.27 
14 25.45 
18 32.73 
13 23.64 
16 29.09 
12 21.82 
22 40 . 00 
17 30.91 
,~ 77.77 
245 100 
17 1,.94 
41 16.73 
46 18.78 
38 15.51 
44 17.96 
47 19.18 
45 18.37 
53 21. 63 
57 23.27 
60 24.49 
63 25.71 
60 24.49 
61 24.90 
71 28.98 
66 26.94 
65 26.53 
70 28.57 
79 32.24 
75 30.61 
75 30.61 
73 29.80 
84 34.29 
84 34.29 
89 36.33 
B4 34.29 
79 32.24 
89 36.33 
81 33.06 
93 37.96 
92 37.55 
86 35.10 
88 35.92 
B6 35.10 
84 34.29 
95 38.78 
86 35.10 
1 (10 . 40.82 
95 :58.78 
99 40.41 
100 40.82 
103 42.04 
106 4:,.27 
95 38.78 
IIJ~ II:.!. tl l + 
106 43.27 
100 40.82 
103 42.04 
110 44.90 
112 45.71 
111 45.31 
116 47.35 
116 47.35 
121 49.39 
112 45.71 
1113 4R.16 
120 4ft. 9ft 
X 
10 
J . • 82 
0.00 
0.73 
1.9.2 
1.09 
1. 27 
1.8:2 
2.00 
1. 27 
2.18 
l. 27 
2.00 
2.18 
0.36 
1.82 
2.55 
1. 45 
0.55 
1.82 
2.73 
3 . 27 
1.64 
2.00 
1.09 
2.73 
2.91 
1. 82 
2.36 
1.27 
2.00 
3.09 
2.73 
3.09 
4 . 00 
2.1 B 
4.00 
1.64 
2.73 
2.18 
2.00 
1. 82 
1. 45 
4.00 
L.. I ... '
2.18 
3.45 
2.91 
2.73 
2.55 
3.27 
2. :36 
2.91 
2.18 
4.00 
3.09 
2.73 
.' 
Y X sqd Y sqd 
10 
0.69 3.31 
1.67 0.00 
1.88 0.53 
1. 55 3.31 
1.80 1 . 19 
1. 92 l. 62 
1. 84 3.31 
2.164.00 
2.33 1.62 
2.45 4.76 
2.57 1.62 
2.45 4.00 
2.49 4.76 
2.90 0 . .13 
2.69 3.31 
2.65 6.48 
2 . 86 2.12 
3 . 22 0.30 
3.06 3.31 
3.06 7.44 
2.98 10.71 
3.43 2.68 
3.43 4.00 
3.63 1.19 
3.43 7.44 
3.22 8 . 46 
3.63 3.31 
3.31 5.59 
3.80 1.62 
3.76 4.00 
3.51 9.55 
3.59 7.44 
3.51 9.55 
3.43 16.00 
3.88 4.76 
3.51 16.00 
4.08 2.£'8 
3.88 7.44 
4.04 4.76 
4.08 4.00 
4.20 3.31 
4.33 2.12 
3.88 11,.00 
't.L.I.' I."T"" 
4.33 4.76 
4.0811.93 
4.20 8.46 
4.49 7.44 
4.57 6.48 
4.53 10.71 
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4.73 5.59 
4.73 8.41, 
4.94 4.76 
4.57 16.00 
4.02 9.55 
4.90 7.44 
0.48 
2.80 
2.41 
3.68 
3.37 
4.68 
5.41 
6.00 
6.61 
6 . 00 
6 .20 
8 . 40 
7.2[.1 
7.04 
8.16 
10.40 
9.37 
9.37 
8.88 
11.76 
11.76 
13.20 
11.76 
10.40 
13.20 
10.93 
14.41 
14 . 10 
12.32 
12.90 
12.32 
11.76 
15.04 
12 .32 
16.66 
15.1)4 
1t). 33 
16.66 
17.67 
18.72 
15.04 
1/.Uf 
18.72 
16.66 
17 .67 
20. J.6 
20 .90 
20.53 
22.42 
22.42 
24.39 
20.90 
23.70 
23.99 
XY 
1.26 
0.0(1 
1. 37 
2.82 
1. 96 
2.44 
3.34 
4.33 
2.96 
5.34 
3. 7.7 
4.91) 
5.43 
1.05 
4.90 
6.75 
4.16 
1. 76 
5.57 
8.35 
9.75 
5.61 
6.86 
3.96 
9.35 
9. " 8 
6.60 
7.81 
4.83 
7.51 
10.85 
9.80 
10.85 
13.71 
8.41, 
14.1)4 
6.68 
10.58 
8.82 
8.16 
7.64 
6.29 
15.51 
J. J. ..... , 
9.44 
14.10 
12.24 
11.64 
14.83 
11. 19 
13.77 
10.78 
18.7"1 
14 . 89 
13.36 
d=Y-X 
-1.. 12 
1.67 
1. 1:; 
-0.27 
0.71 
0.65 
0.02 
0.16 
1.05 
0.27 
I. 30 
0.45 
O. 31 -~ 
2.53 
0.88 
O. t 1 
_~. 40 
2.68 
1. 2., 
0.33 
-0.29 
I. 79 
1. 43 
2.54 
0.70 
O. :$2 
1. 81 
0.94 
2.52 
1.76 
0.42 
0.86 
0.42 
-0.57 
1.70 
--0.49 
2.45 
1. 15 
1.81., 
2.08 
2.39 
2.87 
-0.12 
2.14 
0.63 
1. 29 
l. 76 
2.03 
1. 26 
2.37 
1. 83 
2. 76 
0.57 
1. 73 
2.17 
d 5 
I. 
2 . 
1.. 
0. 4 
o. ~ 
0. ' 
t). f 
O. f 
1. 1 
O. f 
1. 1 
o. : 
(J. ( 
6. ~ 
0. 7 
O. ( I 
1. 9 
7. t 
1. ~ 
O. I 
0. 0 
2. 0 
6.4 
0 .4' 
O.I ! 
0.8 1 
6. :y 
3.01 
0 . 11 
I) . 7 ~ 
O. II 
o. ~~ 
2. Sf 
0.2' 
5.9E 
1. 3; 
3.4 f 
4; 3-_1 
5.69 
8.25 
0.0 1 
4.60 
0.39 
1. 68 
3. I I 
4. 10 
1. 58 
5.1.,2 
3.3} 
7 .6fl 
O.3~ 
4.7 1 
16 29.09 120 48 .98 2.91 4.90 8.46 2 ~~. 99 14.25 1. 99 0. . • 96 
1 1 20.00 126 51. 43 2.00 5.14 4.00 26.45 10. 29 3 .14 9.88 
17 30.91 122 49.80 3.09 4.98 9.55 2 4 . 80 15. 39 1. 89 3.57 
2 1 38.18 119 48.57 3.82 4.86 14.58 23.59 18.55 1. 0 4 1.08 
13 23.64 127 51.84 2.36 5.18 5.59 26.87 12 .25 2.82 7.95 
2 6 4 7.27 117 47.76 4.73 4.78 22. 35 22.8 1 22.58 0.05 0.00 
11 20.00 1:32 53.88 2 .00 5. 39 4.00 29 . O~3 10.78 3. 39 11.48 
27 49.09 12 1 49.39 4.91 4.94 24.10 24.39 24.24 0.03 0.00 
~7 
£~, 41.82 129 52.65 4 . 18 5.27 17.49 27 .72 22.02 1. 08 1. 17 
29 5 2 .73 126 51. 43 5 . 27 5.14 27 .80 26.45 27 .1 2 -0.13 0.02 
16 29.09 140 57.14 2 . 9 1 5 . 7 1 8.46 32.65 16.62 2 .81 7.87 
""'J 40.00 137 55.92 4. 00 5.59 16.(11) 3 1. 27 22 . 37 1. 59 .., E,:;" ..... ~.- .::... • .J .J 
20 36 . 36 139 5 6 .73 3 .64 5.67 1:3 . 22 32. 19 20.63 2.04 4.15 
20 ~)6. 3 6 140 57.14 3.64 5.71 13 . 22 32. 65 · 20.78 2.08 4.32 
20 ~!.6 . 36 14 5 59.18 ~~. 64 5 . 92 13 . 22 3 5. 03 2 1.52 2.28 5 . 2 1 
17 30.91 150 61. 22 3 . 09 6.12 9.55 37 .48 18.92 3 .03 9.19 
22 40.00 149 60 . 8 2 4.00 6.08 16.00 36 .99 24 . 3~5 2 . 0 8 4 .:53 
29 52 .73 145 59.18 5 . 27 5.92 27.80 35.03 3 1.21 0.l15 O. q2 
26 47.27 153 62.45 4.7:"5 6.24 22 . 35 :59.00 29 . 52 1. 52 2. ::.0 
27 49.09 152 62 .04 4 . 91 6 . 20 2 4.10 38. 49 30 .46 1. 29 1. 68 
:56 65. 45 149 60.82 6 . 5 5 6. 08 42 .84 36.99 39.81 - 0.46 0 .22 
31 56.36 166 67.76 5.64 6.78 31. 77 45.91 38 .19 1. 14 1.30 
26 47 .27 172 70.20 4.73 7.02 22.35 49. 29 33. 19 2.29 5.26 
27 49.09 177 72.24 4 . 91 7.22 24 . 1 (I 52 . 19 35.47 ,.., ...,.. ...... L . ";>,L 5.36 
29 52.73 178 72.65 5 .27 7.27 27.80 52.78 38.:5 1 1.99 3.97 
32 58.18 183 74 .69 5.82 7.47 3 3 .85 55.79 43 .46 1. 65 2 .73 
I'lean: 28.39 41.62 
Sum : 235 .64 345.43 817.85 16 12 .65 1100.58 109. 79 229 . :54 
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Question 1 Hay-today 
A farmer cut his meadow for hay (feeding grass). 
He noticed that the grass he cut was green, but 
the stalks left .were yellow. 
HO)i do you explain this? 
, . 
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Quest.ion 2 VillaIn 
In a science fiction book i1' 
tt t • a v la1n ("orong-doer) 
Irea ens to spra ' th ) e countryside "th . ~ " . -. --
that d t 1<1 a chem1cal 
es roys chlorophyll (th 
plants) e green substance in 
""hat f'ffect "'ill tt' h lIS ave on plant life' 
you~ answer as fullv ' 
\\ . . " -1, ~ ,,,~,, _. ~ as y~~ can. .. 
Explain 
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\ Question 3 Grow Tree I 
\ 
J 
, .... ..,-1' 
_ __ b~l,jh~~-
A 11 i 
- 1~. - , 
sma tr-ee s planted in a meadow. After 20 years 
it has grown into a big tree, weighing 250 kg mOre 
than when it was planted. 
Where do the extra 250 kg come from? ~xplain your 
answer- as fully as you can. 

